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ABSTRACT 


A study of 21 adolescent and young adult males, before castration and for 
eight to eighteen years afterwards, showed that after orchiectomy there was 


no development of male pattern baldness (MPB) nor of any grossly recogniz- 
able denudation of the scalp. There was no expansion of bald areas in existence 
at the time of castration. At the end of the study the eunuchs, compared with 
intact males of similar age, exhibited a significantly lower incidence of MPB 
(P=.01) and had no further loss of coarse hairs in the pattern that in most 
males results in recession of the frontal hairline (P <.01). After castration, no 
increase in the number of coarse hairs was detected in bald or sparsely-haired 
areas of recession of the frontal hairline. It is concluded that the remedial value 
of drastic reduction in ‘androgenic stimulation is probably nil with regard to 
return of coarse hairs which have been lost along the frontal hairline in young 
men. In 3 men with baldness of the crown of the head at the time of orchiec- 
tomy, a limited increase in the number of coarse hairs occurred after the 
operation in 1 but not in the others. Further study is required to ascertain the 
potential for partial regrowth of coarse hairs in subjects with late-appearing 
forms of MPB involving the dorsum of the head. 


ALE-PATTERN baldness (MPB) does not develop in subjects who 

have been castrated at an early age (1) or have failed to mature as 

a consequence of gonadal dysgenesis (2). The present studies were made on 
males who had reached adolescence or young adulthood prior to castration. 
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Since these subjects were undergoing or had completed sexual maturation 
before orchiectomy, most of them had frontal or frontoparietal recessions 
of the hairline and a few had MPB of the crown of the head. 

This investigation was planned to ascertain if ablation of the testes pre- 
vented further loss of coarse hairs, even to an extent insufficient to qualify 
as MPB. Regions in which hair was already sparse, or regions adjacent to 
bare areas, were deemed to be particularly susceptible to further loss of 
coarse hairs. 

Attention was also directed to the capacity for regrowth of additional 
coarse hairs in regions of the scalp in which hair had become sparse or had 
disappeared before removal of the testes. The literature seems to afford 
little information ‘as to the frequency or degree of retention of established 
MPB following orchiectomy. It is not known if the potential for regrowth 
of coarse hairs in bald areas bears a relationship to the length of time that 
the scalp is bald before castration, to the region of the scalp affected, to the 
size of the bald areas, or to the severity of MPB in terms of the number and 
size of the coarse hairs that have remained without replacement by fine 
small hairs. 

Thus far, claims for (3-8) or against (9-10) recovery from MPB of 
limited extent or brief occurrence seem to have been based chiefly upon 
isolated case reports of the condition in females after temporary viriliza- 
tion. The value of these case reports is limited by the casual nature of the 
observations on the scalp, which are usually incidental to more pressing 
clinical considerations; by the lack of precision regarding the nature and 
degree of baldness and the length of time that the condition existed; by 
complications arising from the unusual nature of the androgenic stimula- 
tion in females and from the presence of unknown amounts of estrogens 
which may possibly exert direct influences or counteract some action of 
androgens (11); and by the almost total absence of prolonged serial studies 
of the scalp after removal of the endocrine tumors causing the virilism. 

A more definite type of reduction in androgenic stimulation is produced 
by orchiectomy, which is also specific and complete since it removes the 
usual incitants (1) of common baldness, namely, testicular secretions. Ac- 
cordingly, a large group of males were studied before castration and for 
eight to eighteen years afterwards. The subjects were 15 to 38 years old at 
the time of orchiectomy, affording an interval between maturation and 
castration that was adequate to test whether the duration of exposure to 
intense androgenic stimulation bears a relationship to the permanency of 
MPB. It was possible to study the effects of castration upon a variety of 
piliary scalp patterns, since the subjects differed considerably in the extent 
to which they had lost coarse scalp hairs prior to castration. 

The influence that reduction in the usual androgenic incitants of MPB 
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(1) has upon prevention and extension of MPB, and upon recovery from a 
bald state, is pertinent to estimation of the prospective value of anti- 
androgenic drugs in the prophylaxis and therapy of MPB. Studies of this 
nature may be timely in view of the recent availability of experimental 
animals (12) for the screening of preparations useful in prevention and 
treatment of MPB. 


MATERIALS AND METHODS 


Serial observations, along with photographic records, were begun twenty-four years 
ago on a series of feeble-minded white males who were under individual medico-legal 
review as to the advisability that castration be recommended to mitigate aberrant 
behavior. In the following sixteen years, 33 of these subjects were orchiectomized. The 
present communication is limited to 21 of the eunuchs, selected solely on the basis that 
they did not die or become intractable and that, as inmates of a home for tlie feeble- 
minded, they continued to be available for examination for a minimum of eight years 
after castration. 

The extent of MPB was assessed in terms of the categories used in studies of intact 
white subjects (13). MPB is considered to be present if the crown of the scalp (tonsure) 
is bald or if frontal or frontoparietal recessions of the hairline extend farther posteriorly 
than a point which lies 3 cm. anterior to a coronal plane drawn through the external 
auditory meatuses. Scalp-hair patterns of Types IV-VIII designate 4 phases of MPB 
of increasing severity. 

In the Type II piliary pattern, there is no tonsural baldness but there are frontal or 
frontoparietal bare areas which do not extend posteriorly to intersect the described 
coronal plane. 

In Type I there is complete retention of hair, with no frontal or frontoparietal reces- 
sions. Type I is common in both sexes prior to sexual maturation (13) and in men who 
have been castrated prior to puberty (1). It is still present in about 20 per cent of intact 
white females during adulthood but in only 6 per cent of intact white men after the 
second decade of life (13). 

Prior to orchiectomy, 3 subjects had acquired MPB of Types IV or VI. 

At the time of castration 14 other subjects had bare areas (Type II) which were too 
small to qualify as MPB. In view of their young age and in view of the increase with ag- 
ing in the incidence of MPB among intact men (13), many of these 14 subjects were 
presumed to be susceptible to development of MPB at a later age. This presumption was 
substantiated by the production of MPB upon administration of exogenous androgens to 
other subjects similarly deficient in testicular secretions since an early age (1). 

In the remaining 4 persons the entire scalp was covered by coarse hairs (Type I) at 
the time of orchiectomy. Three of these subjects were only 15 or 16 years old when 
castrated; in all probability these 3 were genetically disposed to some loss of coarse 
hairs, inasmuch as 94 per cent of intact males exhibit at least Type II scalp hair after 
the second decade of life (13). 

Therefore, since most of the 18 subjects with Type I or II scalp hair were probably 
genetically disposed to further denudation of the scalp, they comprised a population 
appropriate for testing the effect of castration upon further loss of coarse hairs. Even the 
other 3 men, in whom MPB had developed before orchiectomy, were probabiy sus- 
ceptible to further loss of coarse hairs, since their areas of baldness were limited in ex- 
tent and retained many coarse hairs. 
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To be certain that orchiectomy had materially reduced androgenic stimulation in 
these subjects, 15 of the eunuchs were studied with regard to a variety of items that re- 
flect decrements in testicular secretions. These items included (a) values for chromato- 
graphic fractions of urinary 17-KS, determined on 24-hour collections of urine according 
to the method described by Johnsen (14); of particular significance was the fraction that 
contains androsterone, the chief urinary androgen; (b) the weight of the beard and of the 
axillary hair grown per day (15); (c) the formation of sebum, measured by a method 
similar in principle to that described by Jones et al. (16); and (d) the level of serum in- 
organic phosphorus determined by the method of Fiske and SubbaRow (17). Control 
data (Table 1) were provided by intact subjects who were similar in status and lived 
in the same institution. 


TaBLE 1. DATA REFLECTING THE STATE OF TESTICULAR SECRETIONS, DEMONSTRATING 
ANDROGENIC: DEFICIENCY IN THE EUNUCHS AS COMPARED WITH THE IN- 
TACT CONTROL MALES OF COMPARABLE AGE AND STATUS 
In the absence of testicular secretions, values decreased for the chromatographic fraction 
of 17-KS which contains androsterone (14), for growth of the beard and axillary hair (15) 
and for the production of sebum (18), and values increased for the level of serum inor- 
ganic phosphorus (19). 


Subjects Chromatographic 
fraction of urinary Beard (mg. Axillary hair Salven, seat Serum inorganic 
Age (yrs.) 17-KS containing grown per (mg. grown per PR a0: ho. phosphorus 
Status | ———————_ androsterone 24 hrs.) 24 hrs.) film (eq. cm.) (mg./100 ml.) 
Mean | Range (mg. /24 hrs.) oe 
Castrated | 33.4 | 28-38 2.39 2.3 [21] 0.14 3.5 4.13 
Intact 32.2 | 28-38 5.06 9 22.7 21 0.81 21 8.7 [19 3.05 (15 


* The number of subjects studied. 


RESULTS 


It was first necessary to establish that androgenic stimulation had been 
markedly and permanently reduced after orchiectomy. Studies of 15 of the 
eunuchs, including data (Table 1) obtained eight to eighteen years after 
castration, showed that androgenic stimulation had not only been mark- 
edly decreased but had remained so. 


Castration and the prevention of development or spread of MPB 


The area of denudation did not increase after castration in any subject 
(Table 2), regardless of the presence or absence of bald areas at the time of 
orchiectomy. 

Even the usual frontal and frontoparietal recessions of the hair line 
failed to appear (Fig. 1, #2 and Fig. 5, #22) in the 3 males who had been 
castrated at 15 or 16 years of age when they still had Type I scalp hair. 
Failure of hair-line recession to develop in these 3 males during the suc- 
ceeding sixteen to seventeen years is noteworthy, since 94 per cent of intact 
males would have acquired bare areas on at least the anterior scalp (13). 
The difference in status between these 3 eunuchs and intact subjects of 
comparable age was significant (x? = 42.54; P <.01). 
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The 14 males with small frontoparietal recessions (Type II) at the time 
of orchiectomy did not acquire bare areas on the crown of the head or fur- 
ther extensions of frontal and frontoparietal recessions of the hairline 
(compare #3 with #4, and #5 with #6 in Figure 1; and #7 with #8, #9 with 
#10, and #11 with #12 in Figure 2). The status of these subjects differed 
significantly (x?=6.41; P=.01) from that of intact white men (MPB in 
38 per cent) of the same age as the eunuchs when last examined. 

In the 3 subjects who had acquired MPB before orchiectomy no new 
nor expanded bare areas developed after castration (compare #13 with #14 
in Figure 3, and #19 with #20 in Figure 4). 


TaBLE 2. EFFECT OF CASTRATION OF ADOLESCENT AND YOUNG ADULT 
MALES UPON THE PROPORTIONS OF BARE AND HAIRY SCALP 


At the time of castration After castration 


Change in 
Photo A extent of Photo 

MPB shown in MPB hairy or shown in 
Fig. (#) , bare areas Fig. (#) 
of scalp 


5 (# 22) 

1 (# 2) 

2 (#12) 
3 (#14, 16) 


1(#1) 
2 (#11) 
3 (413, 15) 


A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 
R 
T 
U 


Regions of the scalp which are in the process of becoming bald, or are 
adjacent, to bald areas, tend in intact males to be most susceptible to 
spread of baldness. The present observations clearly indicate that after 
castration such regions are no more prone to the development of MPB than 
are other portions of the scalp. 


Castration and the regrowth of coarse hairs on areas previously bald 


Frontal and frontoparietal recessions of the hairline. In these regions no 
coarse hairs were present in 17 of the subjects at the time of orchiectomy 
and the condition remained unchanged thereafter. The failure to regenerate 
coarse hairs was as-definite in subjects with slight recession as in those 
with more pronounced recession, even when extensive enough to qualify 
as MPB. 

The lack of regrowth of coarse hairs in areas of frontal and frontoparietal 


Sub- Type 
ject Age 4 
(yrs.) scalp 
hair 
15 I 31 16 I 
$ 16 I 32 16 I 
16 I 33 Be I 
16 II 33 17 Il ; 
17 Il 34 17 Il 
19 Il 28 9 II 
19 Il 28 9 II 
19 IV 35 16 IV 
19 Il 35 16 Il 
20 II — 29 9 II = 
20 II — 36 16 Il — 
20 II 2 (#7) 38 18 Il 2 (# 8) 
21 II 38 17 II 
21 I _— 39 18 I — 
23 Il 2 (#9) 32 9 II 2 (# 10) ry 
25 VI -- 33 8 VI ’ 5 (# 21) ! 2 
26 Il 43 17 II 
30 II 42 8 Il 
32 II 1 (# 3) 41 9 II 1 (#4) 
j 34 VI 4 (#17, 19) 51 17 VI (?) 4 (#18, 20) ‘ 
| 38 II 1 (# 5) 47 9 II 1 (# 6) j 
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recession of the hairline could not be attributed to a prolonged interval 
between sexual maturation and castration, since the lack of regrowth was 
as absolute in subjects castrated at the age of 16 to 20 years as in those not 
operated upon until the age of 30 to 38 years (Table 2). 

Baldness on the crown of the head. No more than a tentative appraisal 
can be made of the capacity for regrowth of coarse hairs on the crown of 
the head, since only 3 of the males were bald before orchiectomy. The sub- 
ject with Type-IV MPB, whose sparseness of hair on the mid-dorsum of 
the scalp is shown in Figure 3 (#13 and #15), did not acquire detectable 


Fia. 5. These 2 subjects are shown only after orchiectomy. The proportions of bald and 
hairy scalp were not altered by castration. 


additions of coarse hairs in the sparse areas after castration (Figure 3, #14 
and #16). 

Another subject, whose MPB was of the more extensive Type VI, had 
lost almost all coarse hairs on approximately half of the crown before 
orchiectomy. He, too, did not acquire a grossly evident increase in the 
number of coarse hairs thereafter (Figure 5, #21). 

A third subject, whose MPB was also Type VI (Figure 4, #17 and #19), 
appeared to acquire an increased number of coarse hairs after castration 
(Figure 4, #18 and #20). For the photographs taken after castration the 
hairs were not cut as short as for the photographs taken before castration; 
the difference in coiffure could not be avoided since this feeble-minded sub- 
ject came to believe, adamantly, that close cropping of the hair represented 

_a form of punishment. The long coarse hairs in the photographs taken after 
orchiectomy hide the continued sparseness of the piliary covering. Direct 
inspection of the scalp showed more clearly than the photographs that 
although the number of coarse hairs seemed to have definitely increased, 
the increment was limited. Furthermore, the coarse hairs on the sparse 
areas tended to remain smaller in diameter than those in regions which 
were not bald. 
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DISCUSSION 


The present data are relevant to a previous report (1) of 2 eunuchs who 
were bald when first seen by the author several years after their testes had 
been removed. In the years since the published photographs (1) were 
taken, there has been no grossly recognizable addition to the number of 
coarse hairs. The period of time since castration is now twenty-nine and 
thirty-seven years, respectively. The present study substantiates the earlier 
tentative assumption (1) that in these 2 cases the MPB had not developed 
after castration but had existed before orchiectomy. 

The apparent regrowth of coarse hairs after castration of a bald man 
(Figure 4, #19 and #20) has a parallel in the reversibility of MPB in experi- 
mental animals after reduction in androgenic stimulation (12). There are 
other parallels between the experimental animals and humans, including 
the fact, now demonstrated for man, that castration prevents develop- 
ment of MPB or further expansion of existent baldness. 

The eunuch in whom coarse hairs seemed to increase in number after 
removal of the testes was the oldest of the 3 in whom MPB had developed 
before orchiectomy. He and 3 other subjects were the only ones under 
study who were more than 26 years old at the time of castration. Indeed, 
none of the males studied was more than 38 years of age at the time of 
castration. Therefore the present observations do not exclude the pos- 
sibility that castration, if delayed until after the occurrence of changes 
that appear in the scalp during middle and old age, might in some cases 
promote recovery to an extent not observed after castration of younger 
males who had acquired a more precocious form of MPB. 

These studies of eunuchs indicate that, even in the absence of testicular 
secretions and of any detectable increase in androgens from extratesticular 
sources, regrowth of coarse hairs on the frontal hairline is nil if the hairs 
have been lost when the subject was young. Therefore in males who lose 
coarse hairs along the frontal hairline when young, anti-androgenic treat- 
ment probably has little remedial value. 

In contrast to the poor prognosis when MPB has been established in 
young men, prophylactic therapy might be rewarding. It now seems certain 
that castration entirely prevents development or extension of MPB. 
Prepubertal orchiectomy protects against even the initial stages of this 
form of alopecia (1). It remains to be determined whether topical treat- 
ment can impose upon the scalp, apart from the remainder of the body, 
conditions comparable to those in men who lack testicular secretions. 


REFERENCES 


1. Hamitton, J. B.: Male hormone stimulation is prerequisite and an incitant in com- 
mon baldness, Am. J. Anat. 71: 451, 1942. 


1317 


1318 


. Hamitton, J. B.: Absence of male pattern baldness in genetically defective subjects 


18. 


19. 


JAMES B. HAMILTON Volume 20 


who do not mature sexually. (In preparation.) 


. Bineet, A.: Verschwinden von Polyzythimie und Riickbildung einer ‘““Vermann- 


lichung” nach Entfernung eines Luteinzellentumors des Ovariums, Deutsche med. 
Wehnschr. 50: 330, 1924. 


. Cosacesco, A.; DraGanescu, Grorgescu, M., and Driniscuiotu, G. 


Lutéinome de l’ovaire: contribution anatomoclinque 4 |’étude du virilisme ovarien, 
Presse méd. 39: 1264, 1931. 


. Joserson, A.; Fagerstrom, B., and Berastranp, H.: Two cases of hirsutism (viri- 


lism) with ovarian tumours, Acta med. scandinav. 77: 485, 1932. 


. Baupwin, L. G., and Garrorp, J. A., Jr.: Arrhenoblastoma case report, Endocrino- 


logy 20: 373, 1936. 


. ZucKeRMAN, S. 8., and Sruckenuorr, H. E.: Virilism associated with adrenal cell- 


rest tumor, Am. J. Clin. Path. 10: 822, 1940. 


. Dovetas, M.: Masculinizing tumor of the ovary of the adrenal type, Am. J. Obst. 


& Gynec. 53: 190, 1947. 


. Lukens, F. D. W., and Paumer, H. D.:, Adrenal cortical virilism, Endocrinology 


26: 941, 1950. 


. Peprrsen, J.: Virilizing ovarian tumors, J. Clin Endocrinol. 7: 115, 1947. 
. Mtuvsock, O.: Der Antagonismus zwischen der Wirkung der Kammwachstums- 


stoffe einerseits und der oestrogenen Stoffe und-Progesteron anderseits, Acta brev. 
Neerland. 8: 50, 1988. 


. Hamiuton, J. B.: Male pattern baldness in wattled starlings which resembles the 


condition in man, Ann. New York Acad. Sc. 83: 429, 1959. 


. Hamitton, J. B.: Patterned loss of hair in man: types and incidence, Ann. New 


York Acad. Sc. 53: 708, 1951. 


. JOHNSEN, 8. G.: Fractionation of urinary 17-ketosteroids, Acta endocrinol. 21: 127, 


1956. 


. Hamitton, J. B.: Age, sex and genetic factors in the regulation of hair growth in 


man: a comparison of Caucasian and Japanese populations, in The Biology of Hair 
Growth, ed. by W. Montagna. New York, Academic Press Inc., 1958, pp. 399-433. 


. Jones, K.; Spencer, M., and Sancuez, 8.: The examination of the rate of the 


secretion of sebum in man, J. Invest. Dermat. 17: 218, 1951. 


. Fiske, C. H., and SuspaRow, Y.: The colorimetric determination of phosphorus, 


J. Biol. Chem. 66: 375, 1925. 
EMANUEL, S.: Quantitative determinations of the sebaceous glands’ function, with 
particular mention of the method employed, Acta dermat.-venereol. 17:.444, 1936. 

Hamitton, J. B., and Buncn, L. D.: Serum inorganic phosphorus levels in eunuch- 
ism and in feeble-minded states, J. Clin. Endocrinol. & Metab. 18: 180, 1958. 


- 

10 

a 
= 
= 
4 

ie 


ABNORMAL INSULIN-BINDING FRACTION DEM- 
ONSTRATED BY THE ELECTROPHORESIS 
ON ION-EXCHANGE PAPER OF SERA 
FROM DIABETIC PATIENTS* 


MARVIN L. MITCHELL, M.D. 


The Department of Medicine and Radioisotope Unit, Lemuel Shattuck Hospital and Tufts 
University School of Medicine, Boston, Massachusetts 


ABSTRACT 


A cation-exchange resin paper, Amberlite IR-120, was used as the supporting 
medium for the electrophoresis of serum. The serum protein patterns developed 
by the bromphenol blue dye were similar in appearance to those observed after 
filter-paper electrophoresis. Insulin-I'*!, alone, remained adherent to the origin 
of the resin paper, but migrated with a mobility that was almost as great as that 
of serum albumin when the insulin-binding sites of the paper had been saturated 
by stable insulin. Insulin-I“ in serum from normal subjects and from most of 
the insulin-responsive diabetic patients migrated with a mobility approximating 
that of alpha or beta globulins. However, insulin-'' in serum from ‘‘true” 
insulin-resistant diabetic patients migrated in association with the gamma and 
inter-gamma-beta protein fractions. Thus, distinct physical differences were 
demonstrated between the serum insulin-binding proteins of insulin-responsive 
and insulin-resistant diabetic patients. 


SING the technique of interaction analysis by means of the differ- 

ential resin adsorption of insulin from serum, a relationship could 
not be shown between the binding of insulin by serum and the insulin re- 
quirement in insulin-responsive diabetic patients (1). However, subse- 
quent studies carried out upon sera from diabetic patients grossly resistant 
to insulin revealed significant correlations between insulin tolerance and 
the capacity of serum to bind insulin (2). Similar results had been obtained 
previously by others using different techniques (3-7). Since sera from 
insulin-resistant and insulin-responsive diabetic patients had been shown 
on filter paper (3, 8) to differ only quantitatively from each other, it 
seemed worth while to determine whether or not the quantitative differ- 
ences were related to qualitatively different insulin-binding proteins as 
well. It was apparent that in order to define possible distinctions between 
the insulin-binding proteins by electrophoresis, a medium other than filter 
paper would be required. Hence, an attempt to characterize the insulin- 
binding proteins by. electrophoresis of serum on ion-exchange resins ap- 

Received April 11, 1960. 
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peared to be warranted. It seemed that the ideal supporting medium for 
this purpose would be provided by a paper impregnated with a suitable 
resin. After several varieties of resin paper had been examined for their 
electrophoretic properties, Amberlite IR-120 paper was selected. 


METHODS 


Sera were obtained from 12 normal volunteers and from 35 insulin-responsive and 
6 insulin-resistant diabetics. The sera were kept frozen when not in use. The subjects 
were adults of both sexes, and the daily doses of insulin in the diabetic patients ranged 
from 10 to 180 units in the responsive group, and from 300 to 5000 units in the insulin- 
resistant group. The duration of insulin therapy varied from six months to many years 


Fig. 1. Determination of insulin bind- 
ing by serum, using IR-120 ion-exchange 
paper. 

The serum, containing the insulin-I, 
is applied near the tip of the paper which 
I is then introduced into a test tube. After 
ae ty the radioactivity has been measured, 0.2 
; ml. of ammonium acetate buffer, pH 7.0, 
\ is carefully placed in the bottom of the 
tube. The front carries the serum, leaving 
the insulin-I'*! which has not been bound 
by serum proteins at the origin of the pa- 
per. The origin of the paper is snipped into 
the tube and the radioactivity is measured 
again. The fraction of insulin-I'*! remain- 
ing at the origin differs greatly, depending 
upon whether the serum is derived from 
an insulin-resistant diabetic, an insulin- 
responsive diabetic or a normal subject. 


(6) 
=—l!P_COUNTS 
RESIN PAPER INDEX TOTAL CounTS * '00 


in the responsive group, and from several weeks to several months in the resistant group. 
Serum was collected from the diabetic patients without regard to the time of adminis- 
tration or the dose of insulin, since it has been shown that the results of binding are not 
altered by these factors (9). The capacity of serum to bind insulin was measured using 
both the granular resin (1), and resin-paper technique (Fig. 1), the detailed results of 
which will be reported later. 

The cation-exchange paper which served as the supporting medium was prepared 
commercially! by thoroughly mixing alpha cellulose pulp and finely ground ion-exchange 
resin prior to forming the paper sheet. The resin, a high-molecular-weight sulfonated 
copolymer in the sodium form, occupied approximately 45 per cent of the paper on a 


! The author is grateful to Mr. C. T. Dickert of Rohm and Haas Co., Philadelphia 5, 
Pennsylvania, for providing the resin papers. 
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ay 
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PAPER STRIP 
(100m. x 1 
Mes 
- 
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dry-weight basis. The paper, used in sheets measuring 47.0 cm. X 20.0 em. or in strips 
measuring 47.0 cm. X2.6 cm., was suspended in a Durrum-type cell with a free length 
of 44.0 cm. between the electrode baths. 

Approximately 0.02 to 0.04 ml. of labeled-insulin solution,? containing 0.5 to 1.0 
microcurie (ue.) of insulin-I'*! and 2.0 milliunits of stable insulin, was added to 1 ml. of 
serum. After a minimum equilibration period of thirty minutes, a sample of serum 
(10.0 to 20.0 microliters) was applied in a narrow, 2.4-cm. band across the apex of the 
paper. (The paper was previously saturated with veronal buffer [pH 8.6, ionic strength 
of 0.075] except at the narrow region at the apex.) A potential of 5 volts per em. 
throughout the free length of the paper was applied for eighteen to twenty-four hours 
at room temperature. The paper was then removed, air dried for twenty to thirty 
minutes, and placed in an oven at 70° C. for an additional thirty to forty-five minutes. 

The zones of radioactivity were detected by autoradiography on No-Screen-X-Ray 
Film, and by a scintillation strip counter’ which was driven by an Esterline Angus 
recorder. The proteins were identified by dipping the paper for ten minutes into 0.2 
per cent bromphenol blue in ethyl alcohol saturated with mercuric chloride, and then 
rinsing the excess dye away with tap water. 

All the sera from the insulin-resistant patients and most of the sera from the insulin- 
responsive patients and the control subjects were examined several times by resin-paper 
electrophoresis. 


RESULTS 


Characterization of the serum proteins 


The serum fractions observed with the IR-120 paper did not appear to 
differ appreciably from protein fractions separated by electrophoresis on 
filter paper under similar conditions. The protein patterns, although oc- 
casionally lacking definition, were made up of bands which resembled the 
gamma, beta, alpha-1 and alpha-2 globulins and albumin (Fig. 2). The 
identities of the zones were established by the electrophoresis of serum 
containing I'*!-labeled gamma globulin‘ and Fe**-labeled® beta-1 globulin, 
(Fig. 2, B and C) as well as saline eluates of known serum proteins (not 
shown here). Nevertheless, the classification should still be considered as 
provisional until more definitive characterizations can be made.* The most 
conspicuous difference betwen the resin paper and the filter paper was the 


2 Abbott Laboratories, Oak Ridge, Tennessee. The specific activity when shipped was 
5-10 me. per mg. Upon receipt, 2-4 ml. of 1 per cent human serum albumin was added 
to the container. 

3 Designed by the author and built to specification by Laboratory Associates, Inc., 
Belmont, Massachusetts. Based upon a previous publication (10). 

4 Supplied by E. R: Squibb and Sons, and containing about 0.07 me. per mg. 

5 Supplied by Abbott Laboratories as ferrous citrate, containing about 2.4 me. per mg. 

6 Studies to assess the behavior of plasma protein fractions separated by cold ethanol 
were interrupted by the shortage of resin paper. 
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Fig. 2. Comparison of filter-paper and 
resin-paper electrophoresis. A) Filter-pa- 
per electrophoresis of serum containing 
Ilabeled gamma globulin. Peak of ra- 
dioactivity corresponds with the band of 
gamma globulin. B) Resin-paper elec- 
trophoresis of identical serum used in A. 
C) Resin-paper electrophoresis of serum 
containing Fe*-labeled beta-1 globulin. 


longer distance traversed during the 
cathodal migration of the gamma 
globulins’ on the resin paper. 


Insulin-I™ localization 


Free insulin-I™™. The insulin-I'*, 
te = diluted in either saline or in veronal 
-N5 - buffer (pH 8.6), remained firmly ad- 
herent to the origin when applied di- 
rectly to the resin paper. However, 
when the insulin-binding sites of the 
resin paper had been saturated by 
the addition of stable insulin (8 mg. 
per ml.), the mobility of the free in- 
sulin-I'*! was almost as great as that 
of serum albumin (Fig. 3). 


Serum from normal persons and from insulin-responsive diabetics 


In contrast to the behavior of insulin-I'* in normal serum on filter paper 

(3), insulin-I'*! did not adhere to the origin of the resin paper. The radio- 
insulin migrated with a mobility that approximated that of either the beta 

_ or alpha globulins (Figs. 4C and 5E). Thus, the mobility of insulin-['* in 
normal serum was distinctly different from that of free insulin-I'*! on the 
resin paper. Furthermore, clear differences between the pattern of dis- 
tribution of labeled insulin in sera from normal and most insulin-responsive 
subjects were not seen (Figs. 4A and 5A,D). Insulin-I'*' which had been 


7 The use of a bicarbonate buffer (pH 10.0) produced even greater cathodal migration 
of the gamma globulins, and reduced the anodal movement of the albumin fraction. 
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Fig. 3. Resin-paper electrophoresis of insulin-I'*' with and without added stable in- 
sulin. A) Autoradiograph of insulin-I'**. B) Autoradiograph of insulin-I' with stable 
_ insulin added. C) Serum protein pattern. 


allowed to equilibrate with serum for many hours frequently became dam- 
aged, resulting in considerable ‘‘smearing”’ along the path of migration. 


Serum from insulin-resistant diabetics 


The insulin-binding proteins in serum from the insulin-resistant dia- 
betics proved to be distinctly different from those in serum from the insulin- 
responsive diabetics. In each instance the zones of insulin-I'* radioactivity 
were associated with the gamma or inter-gamma-beta regions of the serum 
pattern (Figs. 4B and 5B,C,F). 

The opportunity to examine sera from 2 insulin-resistant diabetics 
repeatedly over several months uncovered some distinctive features of the 
insulin-binding proteins in these patients. In the first case, during a mild 
phase of insulin resistance when a dosage of 300 units per day was required, 
the electrophoretic pattern showed not only the major insulin-I'™ peak in 
the area of the gamma globulins but also a minor band of radioactivity in 
conjunction with the alpha-1 globulin (Figs. 5F and 6A). When serum 
was examined from the same diabetic during a period of greater insulin 
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Fig. 5. Comparison of autoradiographs 
after resin-paper: electrophoresis of a 
variety of sera containing insulin-['*. 
A and D) Sera from insulin-responsive dia- 
betics. B, C and F) Sera from insulin- 
resistant diabetics. E) Serum from nor- 
mal subject. B,) Resin-paper strip show- 
ing protein bands of serum from B. 


MB Y 


Fig. 4. Comparison of serum insulin-I'*'-binding fractions after resin-paper electro. 
phoresis. A) Serum of insulin-responsive diabetic. Insulin-I'*' associated with the alpha-2 
globulin. B) Serum of insulin-resistant diabetic. Insulin-I"*! associated with the inter- 
gamma-beta zone. C) Normal subject. Iasulin-I'*! associated with the alpha-2 globulin, 
X) Autoradiograph of paper strip. The stained paper strip is positioned immediately 
beneath the recorder paper. 
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resistance (dosage, 2000 units per 


day), the minor radioactive compo- 

nent could not be found (Fig. 6B). 

In the case of the second insulin-re- 

sistant diabetic, serum was obtained 

initially during the resistant phase 

(dosage, 3000 units per day) and 

then during the insulin-responsive 

phase (dosage, 50 units per day 

while receiving corticosteroids). 

Electrophoresis disclosed that the 

radioinsulin was limited solely to the 

gamma or inter-gamma-beta region 

during the resistant phase (Figs. 5C 

and 7A). Three months later, during 

the responsive phase, the labeled in- 

sulin was associated entirely with 

the alpha globulins (Fig. 7B). In 

both cases increased capacities of 

the serum to bind insulin could be 

correlated with the presence of the 

insulin-I'*'-binding gamma _ globu- 

lins, whereas a reduced capacity to 

bind insulin by the serum was asso- 
ciated with the migration of insulin- 

I’! with the beta or alpha globulin 

fractions. 

Although insulin-I'* was detected 

in combination with the, beta or al- 

pha globulins of serum in most of 
the insulin-responsive diabetics, on 
several occasions a weaker radioac- 
tive peak was observed in conjunc- 
tion with the gamma globulins (Fig. 
8). Four of the 5 insulin-sensitive di- 
abetic patients displaying this phe- 
nomenon were receiving between 50 
and 60 units of insulin per day, and 
the fifth patient required 120 units 
daily. However, sera from 2 patients 
who were receiving between 100 and 
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Fig. 6. Comparison of serum insulin- 
I'5_binding fractions in the same diabetic 
patient. A) Insulin requirement, 300 units 
daily. B) Insulin requirement, 2000 units 
daily. Note the minor peak of radioactivity 
associated with the alpha globulins (A) 
during the milder phase of insulin resist- 
ance. C) Serum of insulin-sensitive dia- 
betic patient for comparison. 
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Fig. 8. Resin-paper electrophoresis of serum from insulin-responsive diabeti¢ shown 
in the stained paper strip above the autoradiograph (X). Note secondary band of in- 
sulin-I'*' radioactivity in the gamma region. 


180 units of insulin daily failed to show any insulin atelieas in the region of 
the gamma globulins. 


DISCUSSION 


The application of resin paper as a supporting medium for the electro- 
phoresis of serum appears to provide a useful method of studying the in- 
sulin-binding proteins. As delineated by the resin paper, insulin-I'*' formed 
-a complex with the gamma-globulin fraction of serum from the insulin- 
resistant diabetic patients, whereas in the insulin-responsive diabetic 
patients insulin-I'*! migrated with the alpha or the beta globulin fractions 
of serum. These findings differ from those of previous studies when filter- 
paper electrophoresis was used (3, 11). (However, differences in serum 
insulin-I'*" binding between insulin-resistant and insulin-responsive dia- 
betic patients have sometimes been observed by filter-paper electrophoresis 
in this laboratory (Fig. 9)). The reasons for the discrepancies between 
filter-paper and resin-paper electrophoresis are not manifest, but one might 
presume that they are related either to the composition of the supporting 
medium or the design of the apparatus. Whether the reduction in absolute 
concentration of alpha cellulose, the inclusion of the resin, or the difference 
of bonding materials within the paper modifies the behavior of the insulin- 
binding fractions has not been determined. It should be emphasized that 


<“« 


Fig. 7. Serum from the same diabetic patient during phases of insulin resistance and 
insulin sensitivity. A) Insulin requirement, 3000 units daily. B) Insulin require- 
ment, 50 units daily. X) Autoradiograph. 
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after filter-paper electrophoresis of a 
variety of sera containing insulin-['*!, A) 
Insulin-l*", B and E) Sera from insulin- 
responsive diabetics. C and F) Sera from 
insulin-resistant diabetics. D) Filter-pa- 
per strip (Whatman No. 3), showing pro- 
tein bands of serum from E. 


| Fic. 9. Comparison of autoradiographs 


since there is some lack of uniform- 
ity and standardization between 
similar in vitro procedures, positive 
statements cannot be made in equat- 
ing the results obtained from one 
system with those of another. 

Heretofore, most studies have 
failed- to designate specific binding 
proteins for insulin transport in sub- 
jects not treated with insulin (3, 4). 
Normal serum during filter-paper 
electrophoresis has been shown to 
possess no preferential insulin-bind- 
ing proteins, most of the insulin-I'*! 
remaining at the site of origin. Tech- 
niques other than filter-paper elec- 
trophoresis have yielded somewhat 
contradictory results; insulin-like 
activity in normal serum has been recovered from the alpha, beta and gam- 
ma globulin fractions (12-15). 

The contention that endogenous insulin may civculate i in combination 
with some serum components has received additional support:of an indirect 
nature. It has been clearly demonstrated that cationic resins are capable 
of removing insulin-like activity from pooled plasma, but are incapable of 
binding ‘‘free”’ insulin (insulin in albumin) (16), or insulin-I'*! administered 
parenterally to normal subjects (17). One of the explanations for these 
observations is that endogenous insulin is linked to a basic protein, re- 
sulting in a complex with an isoelectric point higher than that of “free”’ 
insulin. Consequently, the complex behaves as a cation (at pH 7.4) while 
“free’’ insulin behaves as an anion (18). In the experiments reported here, 
“free’’ insulin (in buffer or saline in contrast to insulin-I'* in serum) mi- 
grated with a mobility almost as great as that of serum albumin when the 


| 

' 

' 


October, 1960 ABNORMAL INSULIN-BINDING FRACTION 1329 


binding sites of the resin paper had been saturated with stable insulin. 
The fact that insulin-I'* in normal serum migrated in association with the 
alpha or beta globulins, is consistent with the proposition that insulin may 
be linked to a protein. 

As far as could be ascertained, there was no appreciable difference be- 
tween the serum distribution of insulin-I'*! in most of the insulin-treated 
patients and in the normal subjects. This is at variance with the results of 
similar studies using filter paper (3), but is in agreement with the results of 
studies using cellulose columns (15). In the former, insulin-I'* in normal 
serum remained at the origin when applied to the filter paper, while insulin- 
I'*! in sera from insulin-responsive diabetic patients migrated with the 
gamma-globulin fraction. Of interest is the report relating the failure of 
insulin-I'*! to migrate on filter paper whether or not applied in serum from 
normal subjects or from insulin-responsive diabetic patients (11); migra- 
tion of the insulin-I'* occurred only with the gamma fraction of serum 
from insulin-resistant diabetics. The latter finding implies that the serum 
of insulin-resistant diabetics may be quantitatively or qualitatively differ- 
ent from the serum of insulin-responsive diabetics. 

The possibility that some of the differences in insulin binding might be 
attributed to the relatively low specific activity of the labeled insulin 
which was used cannot be dismissed. One might postulate that the binding 
sites of the serum protein from the insulin-sensitive patient had become 
saturated by the stable insulin mixed in with the labeled insulin, conse- 
quently diluting and displacing the latter. However, if this were the case it 
would seem unlikely that any degree of insulin binding could be detected 
using the resin-paper method with a barbital buffer solvent at pH 8.6 
(Fig. 1). In fact, insulin binding not only can be measured at pH 8.6 with 
this technique, but the addition of stable insulin (0.1 to 1.0 unit per ml.) 
to serum from insulin-responsive diabetics can be shown to be exchanged 
with the labeled insulin (9). This indicates that the insulin-binding protein 
of serum has not been saturated by the stable insulin which is found with 
the radioactive material. 

Further support for the belief that there may be an actual physical 
difference in the insulin-binding proteins has been found in preliminary 
studies carried out upon protein fractions prepared by method 6 of Cohn 
et al. (19). When insulin-I"* (approximately 1 we. per ml. of serum) was 
added to the serum of an insulin-resistant patient before the fractionation, 
more than 50 per cent of the labeled insulin was found in Fraction I (Frac- 
tion I contains approximately 65 per cent fibrinogen). However, Fraction 
I prepared from the serum of an insulin-responsive diabetic patient was 
virtually devoid of radioactivity; most of the insulin-I'*' was contained in 
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Fraction II+III, which consists mostly of beta and gamma globulin 
(Mitchell, M. and Antoniades, H., unpublished observations). These stud- 
ies suggest that the solubilities of the insulin-binding proteins from insulin- 
resistant and insulin-responsive diabetic patients may be different. 

The similar distribution on resin paper of insulin-I'*! in serum from 
either normal subjects or insulin-responsive diabetic patients has also been 
found with regard to the insulin-like activity in serum fractions obtained 
by zone electrophoresis on cellulose columns (15). However, this procedure 
demonstrated insulin-binding fractions of serum which were different from 
those obtained with resin paper. With regard to the latter, because of the 
inconsistent association of the radioinsulin with either the beta or the alpha 
globulins, absolute comparisons between the normal subject and the in- 
sulin-responsive diabetic could not be made. The reasons for the lack of 
uniform behavior of the insulin-I'*' with the protein fractions are unclear. 
The degradation and dissociation of the insulin-I'*' during electrophoresis 
as manifested by frequent ‘‘tailing”’ and “‘smearing”’ along the path of mi- 
gration, presumably attributable to action by the serum (3), may be par- 
tially responsible. However, the influence of temperature, pH and ionic 
strength of the buffer, radiation damage by the label, homogeneity of the 
label, and the degree of purity and species source of the insulin have yet to 
be evaluated. It is conceivable that endogenous insulin is normally labile 
in its association and dissociation with various insulin-binding proteins, or 
that endogenous insulin circulates as both “free” insulin (associated with 
the alpha globulins) and ‘“‘bound” insulin (associated with the beta globu- 
lins). Until methods are devised which will not themselves introduce arte- 
facts, the answers to these problems remain those of conjecture. 

In this study, the IR-120 resin paper was used solely to distinguish be- 
tween the insulin-I'*!-binding proteins of sera from insulin-resistant and 
from insulin-responsive diabetic subjects. There is no intent to imply that 
all insulin-resistant diabetics will demonstrate distinctive serum insulin- 
binding fractions. Insulin resistance may be caused by a variety of factors 
and it would be rash to conclude that all insulin-resistant patients will 
manifest similar response patterns. However, it is conceivable that the 
resin-paper method will provide a means whereby some cases of insulin 
resistance may be detected early and whereby the results of therapy may 
be followed more closely. Whether or not there is any causal relationship 
between the distinctive insulin-binding protein seen in the resistant dia- 
betic and the production of insulin resistance remains to be determined. 


Addendum 


The resin paper used in these studies, designated SA-2’, differs from that currently 
available, designated SA-2. The latter (SA-2) is completely unsuitable for the elec- 
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trophoresis of serum under the conditions outlined in this report. Information regarding 
the availability of the resin paper, SA-2’, may be obtained by communicating directly 
with Rohm and Haas Co., Philadelphia, Pa. or H. Reeve Angel & Co., Inc., Clifton, N. J. 
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METABOLIC AND CARDIOVASCULAR CHANGES 
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ABSTRACT 

Measurements of plasma free fatty acid (FFA) and glucose levels, urinary 
excretion of adrenaline and noradrenaline, heart rate, and blood pressure were 
made in 20 students undergoing a major fifteen-minute scholastic examination. 
Similar measurements were made on a non-test day. Marked increases in plasma 
FFA concentration occurred in all 20 students during the examination. Plasma 
glucose concentration also rose. The urinary excretion of adrenaline increased 
in all subjects. Urinary excretion of noradrenaline varied sporadically. The 
heart rate increased in all. Several students had marked tachycardia (120 to 
166 beats per minute). Independent post-examination assessment of affect 
arousal indicated varying degrees of response. A rating of affect arousal was 
correlated to some extent with the level of the heart rate and with the magni- 
tude of the increases in serum FFA and glucose levels and in the urinary excre- 
tion of adrenaline. These acute changes suggest that lipolysis may be a com- 
panion process to glycogenolysis as part of the organism’s response to arousal. 


REVIOUSLY we have reported the changes in concentration of plasma 

free fatty acid (FFA) that accompany acute alterations in psychologic 
arousal (1). In that initial study, arousal was produced by interviews with 
the subject, in which affect-arousing memories were recalled. More re- 
cently we have extended our observations to an actual experience known 
to be characterized by intense affect arousal. The situation chosen was 
the final examination given to fourth year medical students by the De- 
partment of Medicine. This is a fifteen-minute oral examination conducted 
by a group of senior staff members of the department and considered 
by the students to be particularly difficult and challenging. This re- 
port summarizes the observations made upon the students during the 
examination and attempts to relate the biochemical and cardiovascular 
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changes observed to the degree of affect arousal experienced by the stu- 


dents. 
METHODS 


Twenty male students were studied on a non-test day as well as on the test day. On 
the day of the study, the subject ate a light breakfast (coffee, toast and dry cereal) and 
then fasted after 9:00 a.m. At 11:00 a.m. he began hourly ingestion of 200 ml. of tap 
water. Approximately two hours prior to the scheduled oral examination, the bladder 
was emptied and the urine sample discarded. One hour prior to examination the subject 
reported to the laboratory waiting room. An indwelling needle was placed in a forearm 
vein. Pulse rate and blood pressure (cuff method) were recorded. Initial blood samples 
were drawn for serum FFA and glucose determinations. During the ensuing hour the 
student remained either in or near the laboratory, usually reading or discussing medical 
or social matters with other students. No staff members who were conducting the 
examination participated in the study. After an hour had elapsed, the bladder was 
emptied and the urine saved (noted as the ‘“‘pre’’ specimen). Blood was drawn for de- 
termination of the immediate pre-test levels of FFA and glucose. In 16 of the students, 
electrocardiograph limb leads were applied. The subject then entered the room where 
the examination was being conducted. The electrocardiogram was recorded throughout 
the examination by the use of a cable extended to a recording machine outside the 
examination room. The examination was also tape-recorded by a hidden microphone. 

The examination lasted fifteen minutes. Immediately after the student left the room, 
blood samples were again drawn. Half an hour later the bladder was emptied and the 
urine saved (noted as the “during” sample). One hour following the completion of the 
oral examination, the last blood sample was drawn. One hour following the collection 
of the ‘‘during’”’ urine sample, the bladder was emptied (this sample was noted as the 
“after’’ sample). All urines were acidified with 3 ml. of 1 N H.SO, and placed in a re- 
frigerator. 

Plasma FFA concentration was determined by the method of Dole (2), plasma glucose 
concentration by the Nelson modification of the Somogyi method (3), and urinary 
adrenaline and noradrenaline by the bioassay procedure as outlined by von Euler (4). 
The accuracy of these methods in our laboratory has been reported elsewhere (5, 6). 
In the Dole procedure it is +15 wEq. per liter, and for the bioassay of catechol amines it 
is +5 per cent. 

Later in the day, following the completion of all sample collections, the student was 
interviewed and asked to recount the experiences of the afternoon, describing in detail 
the examination and attempting to evaluate the quality and intensity of affect arousal 
experienced before, during, and after the examination. This interview was tape-recorded 
and subsequently reviewed. An assessment of the quality and intensity of affect arousal 
was made by one of us independently of any knowledge of the results of the chemical 
and cardiovascular measurements. The intensity of affect was judged by analysis of the 
. verbal content of the interviews. 

On the non-test or “control’’ day, measurements were made in the same sequence as 
on the test day, with the exception that electrocardiographic tracings were not taken on 
this day and no follow-up interview was conducted. 


RESULTS 


Affect arousal 


All students reported some degree of arousal. This was primarily de- 
scribed as ‘‘tense ... anxious... doubtful about passing . . . scared.’’ In 
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TaBLe 1. INTENSITY OF AFFECT AROUSAL AS REPORTED BY THE STUDENT AND ITS RELA- 
TIONSHIP TO THE CHANGE IN VARIOUS PHYSIOLOGIC MEASUREMENTS 


Affect arousal rating 


Minimal Moderate Marked ’ 


Subjects Nos. Subjects Nos. Subjects Nos. 
5, 7, 10, 13, 17, 18\1, 3, 4, 8, 12, 14, 20/2, 6, 9, 11, 15, 16, 19 


Mean change in adrenaline excre- 


tion (ug./hr.) + 0.6 + 1.26 + 1.7 
Mean change in noradrenaline ex- 

cretion (ug./hr.) + 0.9 + 0.52 — 0.18 
Mean change in plasma glucose lev- 

el (mg./100 ml.) + 6.5 + 6.3 + 11.0 
Mean change in p!asma free fatty 

acid level (uEq./L.) +301 +307 +658 
Mean heart rate (beats/min.) 100 98 115 


almost all subjects, anxiety with a fearful quality predominated, and little 
or no feeling of aggressivity was perceived or suggested by the interview 


material. One student did report feeling anger during the examination, ‘ 
but he did not indicate that this modified -his reaction of anxiety. The ; 
intensity of affect arousal is listed for each subject in Table 1. : 
Heart rate 140 

In all the 16 students on whom 
electrocardiograms were obtained, 


‘tachycardia was observed. The rec- 


ords were divided into 3 five-minute 
periods and the mean heart rate was 1207 
scored for each five-minute period 
and for the entire examination (Fig. @ 
1). During the first five minutes of £ al 
the examination the rate was high- ¢ 
est, and in 14 subjects it gradually 4 99+ 
decreased during the second and w 
third five-minute periods; however, 3 
in no case did the rate during the 9077 
examination return to the pre-entry & 
rate. In 6 subjects the tachycardia r eet 
70 + 
10 EXAM 


Fig. 1. Mean (+1 standard deviation) 60 


T 
heart rate for group of students before and -15 05 SHO -10-15 
during the examination. 


_TIME (minutes) 


- 
+ 
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during the initial five-minute period exceeded 110 beats per minute, and 
in 2 subjects (Nos. 11 and 15) there were ST and T-wave changes con- 
sistent with the electrocardiographic alterations characteristic of a rapid 
heart rate. It is of interest that none of the students reported being aware 
of the tachycardia. 


Blood pressure 


One student (No. 5) demonstrated a marked increase in blood pressure 
(120/80 to 180/96 mm. Hg); 3 students, a moderate to minimal rise; and 6 
students, no change. Student No. 5 previously had been observed to have 
transient hypertension during an insurance examination, and there was a 
family history of hypertensive disease. 


Plasma FFA level 


In 19 of the 20 students there was a rise in the plasma FFA level meas- 
ured immediately after the examination (mean, +452 wEKq. per liter) (Fig. 
2). The mean change was significant, P <0.01. On the control day, the FFA 
levels varied during the ‘‘test’’ period, but these variations were usually of 
small magnitude, and the mean change for the group was not significantly 
altered (P >0.1). Four subjects (Nos. 5, 6, 9 and 15) demonstrated marked 
increases during the course of the control afternoon. Five subjects (Nos. 10, 
11, 12, 13 and 14) demonstrated an appreciable decrease. 


Plasma glucose level 


In 17 subjects there was a rise in the concentration of plasma glucose 
(mean, +7.0 mg. per 100 ml.) immediately after the examination (P 
<0.01). The magnitude of the increase in plasma glucose concentration 
appeared to be related to the magnitude of the rise in plasma FFA concen- 
tration (Fig. 3). Two subjects (Nos. 6 and 20) demonstrated a rise on the 
control day, and 2 (Nos. 17 and 18) a fall. However, the mean values for the 
group were unchanged throughout the entire control day (P >0.0). 


Urinary excretion of adrenaline and noradrenaline 


On the control day there was considerable difference among individuals 
in the period-to-period variability of both adrenaline and noradrenaline 
excretion. The mean values for each period for the group, however, did not 
differ significantly (P >0.1). On the test day, both mean adrenaline and 
noradrenaline excretion rates for the initial (‘‘pre’’) period were lower than 
for the initial period on the control day; however, these differences were 
not statistically significant (P >0.1). In all subjects during the actual test 
period, there was a distinct rise in adrenaline excretion (Fig. 4). The mean 
increase for the entire group was statistically significant (P <0.01). There 
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was no such consistent change in noradrenaline excretion (Fig. 5). In the 
“after” period, the excretion of adrenaline returned to the “‘pre’’ test level. 
There was no consistent pattern of change in the excretion of noradrena- 
line during the ‘‘after’’ period. 


DISCUSSION 


Changes in carbohydrate metabolism have been known to accompany 
acute alterations in the state of arousal (7). It has been postulated since 
those original studies of Cannon that the state of increased arousal was 
accompanied by increased adrenal medullary function, that glycogenolysis 
subsequently occurred, and that hyperglycemia developed. The increase in 
blood sugar provided a ready source of available substrate for increased 
muscle and central nervous system activity. 

The more recent demonstration that a considerable part of muscle oxy- 
gen consumption might be accounted for by the measured arteriovenous. 
difference in FFA (8, 9) suggested to us that psychologic arousal might be 
accompanied by increased serum levels of FFA. This has proved to be the 
case during increased arousal produced by the technique of the focused 
interview, which is dependent primarily on the mental mechanism of recall 
(1), and in response to a fear-producing stimulus (10, 11). In the studies 
reported here, in which affect arousal was directly evoked by a progressive 
life situation, increased plasma levels of FFA were also observed. These 
increments occurred within a short period of time—fifteen minutes—and 
accompanied the already well recognized rises in plasma glucose concentra- 
tion. There was an approximate correlation between the rise in plasma FFA 
and the rise in plasma glucose (Fig. 3), which might suggest either a common 
mechanism or a common mediator for the increased levels of both. At 
present, our hypothesis is that increased activity of the autonomic nervous 
system (secretion of adrenaline by the adrenal medulla and secretion of 
noradrenaline at the nerve endings of the sympathetic nervous system) 
mediates these responses. The consistent and significant increment ob- 
served in the urinary excretion of adrenaline, presumably reflecting in- 
creases in medullary secretion, supports such a thesis. The absence of any 
such consistent finding in the excretion of noradrenaline does not neces- 
sarily discount participation of the sympathetic nervous system, but 
‘clearly, in the situation reported in this study, no biochemical confirmation 
was obtained. 

The postulated role of catechol amines as mediating agents in producing 
the rise in plasma FFA concentration accompanying affect arousal may also 
be related to the findings of zn vivo and in vitro experiments. Intravenous 
administration of either adrenaline or noradrenaline results in prompt 
rises in the plasma FFA level (12, 13). In studies reported elsewhere, ad- 
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ministration of an autonomic ganglion-blocking substance reduced the 
level of FFA in the resting subject and modified the FFA response that 
accompanies a threatening stimulus (11). Havel and Goldfein observed 
comparable changes in the dog (12). Incubation of adipose tissue in the 
presence of adrenaline or noradrenaline results in a greater release of FFA 
into the media, implying that these catechol amines possess the property 
of enhancing lipolysis (14, 15). The activation and enhancement of lipolysis 
by adrenaline and noradrenaline, with consequent release into the circula- 
tion of increased amounts of FFA, would clearly provide a companion 
mechanism to glycogenolysis as a means of subserving the increased energy 
needs of arousal. 

Analysis of the correlation of intensity of affect (as evaluated by the 
post-examination interview) with the several biochemical and physiologic 
measurements is listed in Table 1. Statistical analysis reveals significant 
differences for the rises of adrenaline excretion and plasma FFA level in the 
markedly aroused group (P <0.02 for marked vs. moderate arousal). The 
rises in both the mean plasma glucose level and the heart rate were also 
greatest for this group but were not significant statistically. The relation- 
ship between the degree of change of a physiologic variable to the degree 
of change of a psychologic variable may not represent a too precise tech- 
nique for an approximate measurement. However, previous studies on the 
relationship of changes in cardiac output to changes in affect arousal by 
_the same independent techniques revealed a definite degree of association, 
suggesting that such a technique merits trial (16). 

The pronounced rises in heart rate deserve further attention. Sustained 
rates of 133, 140 or 156 beats per minute attest, in part, to the intensity of 
the students’ reactions to the examination situation. It is also noteworthy 
that the students were unaware of tachycardia. These observations pro- 
vide a commentary on the fact that individuals can exhibit striking physio- 
logic changes during life stresses which may be unrecognized symptomati- 
cally; at such a time, one may be certain of the occurrence of these changes 
only by use of appropriate measuring devices. 
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ABSTRACT 


11-Dehydrocorticosterone acetate and tetrahydrocortisone were isolated 
from large quantities of normal peripheral human plasma and identified by 
chemical group reactivity, column and paper chromatography, and ultraviolet 
and infrared spectroscopy. A survey of the literature indicates that this is the 
first time that a naturally occurring C2: steroid acetate has been isolated, and 
the possible significance of this finding with respect to the steroid transport 
mechanism is discussed. The presence of 11-dehydrocorticosterone acetate and 
tetrahydrocortisone in the “free’’ state indicates that the determination of 
Porter-Silber chromogens alone as an index of adrenocortical function must be 
accepted with caution. Estimation of the Porter-Silber chromogens includes 
the measurement of biologically inactive metabolites such as tetrahydro- 
cortisone and tetrahydrocortisol while it does not measure biologically active 
17-desoxycorticosteroids. 


INTRODUCTION 


UR earlier work (1-3), utilizing the Porter-Silber reaction (PSR), 
the isonicotinic-acid hydrazide reaction (INHR) and the blue tetra- 
zolium reduction reaction (BTR) in combination, led us to believe that no 
one reaction applied singly to plasma steroid analysis provides a quantita- 
tive evaluation of the degree of adrenocortical activity in man, especially 
in diseased states. By ‘‘diseased states’’ is meant the status of patients who 
have been chronically ill with gastric or duodenal ulcers, who have suffered 
severe or moderate burns, or who are approaching the terminal state due to 
carcinoma or other malignant conditions. We have been well aware that 


Received January 29, 1960. 
* This work was supported by a grant from the U. 8. Public Health Service, No. 


C-2383(C4). 


1341 


1342 T. E. WEICHSELBAUM AND H. W. MARGRAF Volume 20 


our findings, because of the use of these group color reactions with their 
admitted relative nonspecificity, could not be accepted as a final answer 
but merely as a suggestion of the presence of other adrenocortical steroids. 

In the present report we describe the isolation and identification of 2 
hitherto unreported adrenocortical steroids present in normal human 
plasma in the unconjugated state, namely, 11-dehydrocorticosterone 
acetate and tetrahydrocortisone. Our preliminary report on identification 
of the latter (9) appeared in this Journal. 11-Dehydrocorticosterone ace- 
tate (21-acetoxypregn-4-ene-3,11,20-trione) is not determined as a Porter- 
Silber chromogen. Our findings show it to be present in normal human 
plasma in a concentration of approximately 3 wg. per 100 ml. Tetrahydro- 
cortisone, a biologically inactive metabolite, is measured as a Porter-Silber 
chromogen. In patients with burns (3), for instance, an elevated plasma 
level of these chromogens would not indicate the true status of adreno- 
cortical function. 

Touchstone et al. (10) have previously reported the isolation of 11- 
dehydrocorticosterone from the urine of a man receiving ACTH. The 
presence of unconjugated tetrahydrocortisone (THE) or tetrahydrocortisol 
(THF) in the peripheral blood of dogs was suggested by Savard et al. (11). 

The isolation of naturally occurring 11-dehydrocorticosterone acetate 
from normal human plasma was indeed unexpected and the possible physi- 
ologic significance of this finding will be discussed. 


METHODS 


Collection of plasma. Human peripheral plasma was collected daily from the Blood 
Bank and immediately added, with stirring, to a 1:1 mixture of acetone and methanol. 
The first isolation was accomplished from 10 liters of plasma of which all samples were 
obtained from whole blood not more than twenty-one days old and kept under sterile 
conditions at 6°C. The second 10-liter pool of plasma was obtained from blood not over 
seven days old, stored under sterile conditions at 6°C., the cells of which had been utilized 
for transfusions of washed red cells. We had previously (3) tested for the occurrence of 
spontaneous hydrolysis of the glucuronides of cortisone and hydrocortisone in fresh 
human plasma kept at 6°C. as long as twenty-one days, and had found no measurable 
increase in Porter-Silber chromogens. 

The details of the extraction, purification and separation procedures are shown in 
Figure 1 in form of a schematic flow sheet. 

Infrared spectroscopy was performed by the micro-KBr pellet technique described 

by Mason (8), which we modified and adapted to our particular requirements. Incor- 
poration of steroid samples varying from 5 to 20 ug. was accomplished by a spotting 
technique on solid dry KBr powder, followed by redrying in a high vacuum (pressure 
approx. 100 yw). It was then quite easy to attain homogeneity by grinding the KBr- 
steroid mixture for several minutes before transferring the entire amount (approximately 
10 mg.) into the micro die for pressing, in a vacuum, the KBr pellet. A Perkin-Elmer 
Model 21 infrared spectrophotometer was used. 

Measurements of ultraviolet absorption in methanol, sulfuric acid and phosphoric 
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SCHEMATIC FLOW SHEET OF ISOLATION PROCEDURES 
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Fig. 1. Schematic flow sheet of extraction, purification and 
separation procedures employed. 


acid were carried out in a Beckman DU spectrophotometer, using Bessey-Lowry micro 


cuvettes. 
The various group color reactions are referred to by their respective names and 


bibliographic references. 

Paper chromatographic separations of adrenocortical steroids were obtained ex- 
clusively by the use of thesystems of Eberlein and Bongiovanni (6), which are modifica- 
tions of the systems of Bush (12). These systems were superior for isolation purposes to 
any of the many other systems tried. Detection of ultraviolet-light absorbing spots on 
paper was made possible by the use of a ‘“Cromat-O-Scan.’! This apparatus serves as 
a papergram scanner such as that described by Haines (13) and permits the use of the 
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steroid on the paper for other identification procedures. This is of great value when deal- 
ing with microgram quantities of materials. 

Morris and Williams’ (5) method of column gradient elution chromatography was 
studied in detail. The apparatus described by these authors was simply copied with 
minor modifications, but we found it desirable to change the supporting and mobile 
phases. Hyflo-Supercel was replaced with silica gel (G. Frederick Smith Chemical Co.; 
50-200 mesh) (14) which was dried at 165°C. for twenty-four hours and then brought 
to a constant water content of 15 per cent. A 70-Gm. aliquot of this material was sat- 
urated with 20 ml. of redistilled ethylene glycol by shaking the mixture vigorously in a 
tightly stoppered Erlenmeyer flask. The supporting phase so prepared was stored in a 
glass-stoppered flask. Instead of light petroleum, as used by Morris and Williams, we 
found cyclohexane to be more suitable for the separation of relatively low polarity 
steroids. The use of toluene and ethylenedichloride by Morris and Williams as solvents 
of increasing polarity was accepted as an excellent selection. The choice of certain definite 
solvent mixtures for the elution of certain groups of adrenocortical steroids resulted 
from the experimental data obtained with various solvent gradients, which we were able 
to obtain by changing the sizes of the conical reservoirs. Such interchangeability within 
the gradient elution apparatus enables the use, predictably, of any desired solvent 
gradient in accord with the type of compound mixture that must be separated. Several 
other types of gradient elution methods (15, 16) were tried, but in our hands the method 
of Morris and Williams was the most constant and reproducible technique available. 

Adsorption column chromatography was performed by the techniques of Sweat (7) 
and Nelson and Samuels (4), using silica gel and Florisil, respectively, as adsorbents. 
These techniques were employed mainly for the separation of nonspecific chromogens 
from steroid compounds and for the group separation of Ci, steroids from C2; corti- 
costeroids. 

Charcoal purification. In certain instances a degree of purity sufficient for rigid in- 
frared identification could not be obtained by the foregoing methods of paper and 
column chromatography. We then employed a charcoal treatment, similar to that of 
Lombardo et al. (17), using activated (Mallinckrodt) N.F. charcoal, benzene (Merck 
spectrophotometric grade), and BT-treated (1), twice redistilled ethyl alcohol. This 
procedure enabled purification of certain materials separated by paper chromatography 
to a degree suitable for infrared identification. It is necessary to warn against the quanti- 
tative loss that sometimes occurs with such treatment. It is strongly advised that 
workers carry micro-quantities of known corticosteroids through the proposed procedure 
until they are sure that their particular reagents will not cause structural changes in 
their compounds. 

Method of deacetylation. The preparation of acetyl esterase was made from the flavedo 
of oranges, following a procedure essentially that described by Jansen et al. (18). To 1 
liter of orange-peel ‘‘press juice’? was added 36 Gm. of sodium oxalate. The solution 
was dialyzed in a cold room (4° C.) against 0.1 M sodium oxalate solution for forty- 
eight hours. The dialysate was concentrated in vacuum at 25° C. to one-fourth its 
volume and re-dialyzed under similar conditions for another twenty-four hours. Most 
of the chromogenic materials were thus removed from the enzyme preparation. In a 
Thunberg tube, a 100-ug. portion of authentic 11-dehydrocorticosterone acetate was 
dissolved in 0.2 ml. of propylene glycol (redistilled), followed by the addition of 0.25 ml. 
of 0.12 M phosphate buffer (pH 6.8) and then 0.25 ml. of the concentrated enzyme 
solution. The tube was evacuated, filled with nitrogen, and incubated for sixty hours at 
37.5° C. A 100-ug. portion of the material isolated from normal human plasma was 
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Fig. 2. Micro-infrared spectra in KBr. Top: Reference spectrum of 11-dehydrocorti- 

costerone acetate (Merck and Co.). Bottom: Spectrum obtained from normal human 


peripheral plasma extract. 


treated in identical fashion in a second such tube. At the end of the incubation period, a 
10-ml. volume of 1:1 acetone: methanol was added, and the enzyme protein was removed 
by centrifugation. The organic solvent was evaporated, 4.5 ml. of distilled water added, 
and the solution twice extracted (10 ml. each time) with ethyl acetate. The combined 
ethyl-acetate extract was dried with anhydrous sodium sulfate, filtered, and evaporated 
to dryness. The residue was taken up with 0.5 ml. of ethylene glycol and chromato- 
graphed according to the method of Morris and Williams. The amount of 11-dehydro- 
corticosterone recovered from 100 ml. of 50 per cent cyclohexane/toluene eluate was ap- 
proximately 90 micrograms. The preceding 95 per cent cyclohexane/toluene eluate, 
usually containing the steroid acetates, was free of steroids. 


RESULTS 


In Figure 2 are shown the micro-KBr infrared spectra of authentic 11- 
dehydrocorticosterone acetate? and that of the corresponding compound 
isolated from normal human plasma. Throughout the range of wavelengths 


2 Obtained through the courtesy of Dr, Robert Silber, Merck Institute of Thera- 
peutic Research, Rahway, New Jersey. 
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Fig. 3. Micro-infrared spectra in KBr. Top: Spectrum obtained from normal human 
peripheral plasma extract following deactylation. Bottom: Reference spectrum of 


11-dehydrocorticosterone (Merck and Co.). 


from 2 to 15 microns, the almost identical absorption characteristics leave 
no doubt as to the identity of this compound. 

Similarly in Figure 3 are compared the micro-KBr infrared spectra of an 
authentic sample of 11-dehydrocorticosterone? and that obtained following 
deacetylation of the compound isolated from human peripheral plasma. It is 
apparent that these spectra are again almost identical and that, therefore, 
the compound derived from plasma following enzymatic hydrolysis can 
now be identified as 11-dehydrocorticosterone. In Figure 2 the character- 
istic acetyl absorption maxima are evident between 1740 and 1770 em.-! 
_and at 1230 em.-'. The changes apparent in Figure 3 in these absorption 
maxima provide independent confirmation regarding our claim for the iso- 
lation of 11-dehydrocorticosterone acetate. 

Infrared identification of tetrahydrocortisone isolated from human 
peripheral plasma has been presented previously (9). 

In Table 1 are summarized additional criteria of identification, such as 
column and paper chromatographic behavior, response to treatment with 
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colorimetric reagents (both on paper and in solution), and ultraviolet 
absorption in several solvents. Comparison of the authentic 11-dehydro- 
corticosterone acetate with that isolated from plasma shows in all cases 
nearly perfect agreement. Similarly, in Table 2, additional criteria of 
identification of tetrahydrocortisone are compared. 

In order to work out procedures for the isolation of quantities of adreno- 
cortical steroids suitable for rigorous identification, large quantities of 
human peripheral plasma were required. The isolation studies presented 
here are based on the findings from two 10-liter aliquots of Blood Bank 
plasma, worked up separately. Owing to continuous improvements in our 
techniques and method of isolation, we are now able to employ decreased 
amounts (1 liter) of blood for these and similar studies. . 

The question obviously occurred to us as to whether acetylation of 11- 


TABLE 1. ADDITIONAL CRITERIA FOR THE IDENTIFICATION OF 
11-DEHYDROCORTICOSTERONE ACETATE 


Refer- Chemical acetate Unknown, isolated 

Criteria of identification (Merck) from plasma 
Column chromatography 

Gradient elution; silica gel ( 5) Cyclohexane/toluene: 
(Morris & Williams) 5/5 9 

Silica gel; adsorption € Pthanol/ehloroform: Ethanol/chloroform: 
(Sweat) 2/98 

Florisil; tion ( 4) Bthano}/ehloroform: Ethanol/chloroform: 
(Nelson & Samuels) 15/85 15/85 


Paper chromatography 
E-9 system ( 6) rf 0.45 rf 0.46 
(Eberlein & Bongiovanni) 
Mixture of 25 ug. of each 
One spot: rf 0.45 


solution solution 
Color reactions - paper (max. my) paper (max. mp) 
Isonicotinic-acid hydrazide} | 
strong reagent (19) + +405 + +405 
Isonicotinic-acid hydrazide; 
weak reagent ( 2) + +385, 303 + +385, 303 
Porter-Silber phenylhydra- 
zine 6) negative negative 
Blue tetrazolium reduction (1) + +510 ot +510 
Soda fluorescence (12) a + 
Ultraviolet absorption; 
short-wave light 4. + 
2,4-Dinitrophenylhydrazine +450 +450 
Zimmermann (m-dinitro- 
benzene +alcoholic KOH) (20) negative - negative 
Zimmermann (same + or- ; 
ganic base) i (21) ao +520 + +520 
Ultraviolet absorption . max. Mp max. My 
1. In methanol (1) +238 +238 
2. In conc. sulfuric acid (22) +286, 353, 415 +286, 354, 416 
3. In “100%” phosphoric acid} (23) +255 +255 
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TABLE 2. ADDITIONAL CRITERIA FOR THE IDENTIFICATION 
OF TETRAHYDROCORTISONE 


: Refer- Tetrahydrocortisone Unknown isclated 
Criteria of identification anna (Merck) from plasma 
Column chromatography 

Gradient elution; silica gel ( 5) Ethylene dichloride Ethylene dichloride 
(Morris & Williams) 
Silica gel; adsorption ( 7) Ethanol/chloroform: Ethanol/chloroform: 
(Sweat) 6/94 6/94 
Florisil; adsorption ( 4) Ethanol/chloroform: Ethanol/chloroform: 
(Nelson & Samuels) 20/80 20/80 
Paper 
B 5 system, modif. (Bush) ( 6) rf 0.20 rf 0.21 
E:B system eo & ( 6) rf 0.71 rf 0.72 
Bongiovanni) 
solution solution 
Color reactions paper (max. mz) paper (max. mz) 
Porter-Silber phenylhydrazine €-2) ; +410 +410 
Blue tetrazolium reduction 9) + +510 + +510 
Isonicotinic-acid hydrazide | (2, 19) _ negative - negative 
Ultraviolet absorption 
Soda fluorescence (12) - 


dehydrocorticosterone could have taken place during the various phases 
of the isolation procedures. Therefore, 11-dehydrocorticosterone and 
cortisol, in amounts of 500 wg. each, were carried through the entire pro- 
cedure of isolation, using the same large quantities of organic solvents as 
outlined in Figure 1, except that no plasma was present. No acetates were 
isolated and both compounds were recovered unaltered and in a state of 
purity which allowed infrared identification. 

We have obtained consistent chromatographic evidence for the presence 
of other steroids of probable adrenocortical origin as yet unidentified in 
normal human plasma, and in plasma obtained from patients who have 
been chronically ill with gastric or duodenal ulcers and from patients who 
are approaching the terminal state due to carcinoma and eons malig- 
nancies. 

DISCUSSION 


With the evidence at hand, it is not wise to speculate on the physiologic 
mechanisms of normal corticosteroid acetylation. We have preliminary 
‘chromatographic evidence of the presence of other corticosteroid acetates 
in human blood, aside from 11-dehydrocorticosterone acetate. The finding 
of Rongone et al. (24) regarding the difficulty of deacetylation of 11- 
dehydrocorticosterone acetate with bovine albumin—which we have con- 
firmed using human crystalline albumin (Squibb)—may account for our 
isolation of this particular compound. 


® 
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We are at present engaged in attempts to purify and identify other 
corticosteroid acetates from human venous whole blood shed directly into 
a 1:1 mixture of acetone:methy! alcohol. Westphal and Ashley (25) have 
found that acetylation of the 21-hydroxy group of certain corticosteroids 
results in an increased interaction at carbon-3 with human albumin. If 
the presence in human plasma of other normally appearing corticosteroids 
as acetates is confirmed, the whole problem of steroid (free alcohol)-protein 
interaction as a major steroid transport mechanism must be reinvestigated. 

Since other workers may wish to repeat our observation of the occurrence 
of 11-dehydrocorticosterone acetate in normal human plasma, we draw 
particular attention to the isolation flow sheet (Fig. 1), line 5, which de- 
scribes the necessity of salt saturation in order to extract the steroid ace- 
tate into the organic solvent phase. This is important, since our first 
isolation of 11-dehydrocorticosterone acetate was from the aqueous ‘‘con- 
jugated”’ fraction. Only after accomplishing structural identification of the 
11-dehydrocorticosterone acetate did we make the experimental observa- 
tion that salt saturation was required for the complete extraction of the 
steroid acetate into the “free” fraction. 
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ABSTRACT 


A study was made of the incidence of primary aldosteronism in patients with 
hypertension. The 24-hour urinary excretion of aldosterone was determined 
along with a number of other laboratory indices. No patient was included who 
had frank renal, liver or endocrine disease, or cardiac failure. The urinary aldo- 
sterone values for 38 hypertensive patients were elevated compared to the 
values for 18 normotensive subjects (controls). Whereas the values for the 
controls were normally distributed, those for the hypertensive patients ap- 
peared to fall into two groups. Seventy-five per cent of the aldosterone values 
for the hypertensive patients were distributed in the same way as those for the 
normotensive subjects, but the other 25 per cent were definitely elevated above 
the control level (about 17.5 ug. per twenty-four hours). A chi square calcula- 
tion confirmed the suspected heterogeneity of the data on the hypertensive 
group as a whole; a ¢t test showed the difference in the mean values for the two 
groups of hypertensive patients to be highly significant. No correlation was 
found between the serum potassium or sodium level and the urinary excretion 
of aldosterone. 


HE syndrome of primary aldosteronism, first described by Conn, is 
characterized by hypertension, hypokaliemia and alkalosis in associa- 
tion with the secretion of increased amounts of aldosterone by an adrenal 
adenoma or hyperplastic adrenal glands (1, 2). The condition may be alle- 
viated by removal of the adenoma or by resection of one or both adrenals 
(1, 2). Sinee hypertensjon i is a constant characteristic of this syndrome, 
the question has arisen of the role of this disorder in the over-all problem 
of essential hypertension. 

Genest and his collaborators (3, 4) reported increased urinary aldoster- 
one in a number of patients with hypertension. Furthermore, Kumar and 
associates (5) were able to induce hypertension in rats by the repeated 
administration of small doses of aldosterone. On the other hand, Gaunt, 
Ulsamer and Chart (6) were unable to produce any signs of hypertensive 
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disease or associated pathologic changes in rats under conditions similar 
(but not identical) to those used by Gornall and his co-workers. Gross, 
Loustalot and Meier (7) also were unable to produce hypertension in sen- 
sitized rats by the long-term administration of aldosterone, although a 
biologically equivalent dose of desoxycorticosterone was effective. 

In 1957 a study was initiated at the Veterans Administration Hospital, 
Cleveland, to determine the incidence of primary aldosteronism in the 
population of hypertensive patients served by the Hospital. The project 
consists of the determination of urinary aldosterone together with a fairly 
extensive clinical study of the patients in order to evaluate renal, hepatic 
and cardiovascular status. The following is a preliminary report of the 
results of this study. 


METHODS 


The urine, preserved by freezing, was thawed, brought to pH 1 with hydrochloric 
acid, allowed to stand twenty-four hours at room temperature, and subjected to ex- 
traction three times with 4 volume of chloroform. The chloroform extract was chilled 
to 3° C. and washed twice with 1/10 volume of 9 per cent (w/v) sodium bicarbonate! 
and four times with 1/10 volume of distilled water. The washed chloroform was evapo- 
rated by filtered air. The residue from the chloroform extract was chromatographed on 
paper using the system propylene-glycol : toluene (8). A strip of Whatman No. 4 or No. 1 
paper measuring 1318} inches, previously washed with methanol, was used. A com- 
panion strip containing cortisone was run simultaneously. The position of the reference 
steroid was located by the use of an ultraviolet hand-light. When developed (forty- 
eight to sixty hours) the strips while still wet with propylene glycol were cut into 1l-inch 
portions which were eluted with methanol. The optical density of the eluates was de- 
termined at 220 my and 240 mu. The fractions with a rate of migration slightly less 
than that of cortisone were pooled,? dried, and partitioned between water and chloro- 
form. The residue from the chloroform fraction was further dried in an evacuated 
desiccator over phosphorus pentoxide and potassium hydroxide for half an hour, after 
which it was treated with pyridine :acetic anhydride, 2:1. It was then allowed to stand 
in the same desiccator (not evacuated) at room temperature for sixteen hours. The 
acetylating mixture was removed under a stream of carbon dioxide, the tube being in a 
bath of 35° +1° C. When only a small drop of liquid remained, the tube was again dried 
in the evacuated desiccator. : 

The dry acetate was chromatographed on a strip of No. 4 or No. 1 Whatman paper 
(1X18} inches) using the system propylene-glycol:hexane. The running time was 


1 Merck’s reagent quality. The solution is freshly made shortly before use. The pH 
then will be about 7.8. 

2 After the method has been established, this part of the procedure may be shortened 
in the following way. The chromatograms are run until the reference cortisone is 10 to 
13 inches from the origin. The strip containing the sample is then cut into two parts, 
one part consisting of the last 9 inches. This 9-inch piece is eluted with methanol in a 
stoppered flask; the other part is discarded. The spectrophotometric examination of the 
solution is omitted, the methanol is evaporated, and the residue is partitioned between 
chloroform and water, and acetylated as above. 
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TABLE 1. RECOVERY OF ALDOSTERONE ADDED TO URINE 


Amt. of aldosterone Aldosterone Recovery 
ett added (ug.) (ug./sample) (%) 


0 88 
6.5 


1. * Control 
Aldosterone added 
2. Control 85 
Aldosterone added 
3. Control 75 
Aldosterone added 


*In this instance, the residue from the chloroform extract was partitioned between 
hexane and 70% ethanol to remove nonpolar substances prior to chromatography. This 
step was found to be unnecessary and was later omitted. 


twenty-two to forty-two hours.* The developed strip was cut into 32-inch pieces which 
were eluted with 1.5 ml. of methanol. The optical density of the eluates was determined 
at 220 my and 240 mu. Aldosterone diacetate migrates as a distinct band with a rate 
slightly less than that of compound A acetate. Quantitation is on the basis of absorption 
at 240 mu; e=15,850 (9). Confirmation of the nature of the isolated material was ob- 
tained by running a mixed chromatogram with authentic aldosterone diacetate. 

Recovery studies. Urine (12-hour to 24-hour samples) was subjected to hydrolysis and 
divided into two aliquots. To one, aldosterone was added. Both aliquots of urine were 
processed simultaneously for the isolation of aldosterone diacetate. The results are 
shown in Table 1. Recoveries were 75 to 85 per cent. Wars small amounts of added aldo- 
sterone were recovered quantitatively. 

Comparison with other methods. Several methods of estimating urinary aldosterone 
_ have been reported (10-15). Unfortunately, information on reproducibility is meager, 
as are data on the recovery of aldosterone added to urine. In certain of the published 
methods, the urine is subjected to hydrolysis (pH 1.0 to 1.5 at room temperature for 
twenty-four hours) and to extraction with chloroform. The chloroform extract is washed 
with chilled N/10 sodium hydroxide, after which the quantity of aldosterone is es- 
timated by bioassay, or by one of several chromatographic procedures. In the few re- 
ports available from groups employing a method similar to this, estimates of recovery 
have varied, some claiming 83 per cent, others 75 per cent, others 55 per cent, and still 
others 20 per cent (15, 13, 12, 16). It is of interest that Ayres and his colleagues (14) 
employed a 0.05 N sodium carbonate wash. These workers reported a recovery of 77 
per cent. 

Recovery studies were carried out in our laboratory by means of the method em- 
ploying a N/10 sodium hydroxide wash. When aldosterone was added to the urinary 
hydrolysate prior to the sodium hydroxide wash, complete loss of the added steroid was 
observed in two experiments, and a recovery of only 26 per cent in a third (Table 2). 
On the other hand, when the aldosterone was added to the chloroform extract after the 
sodium hydroxide wash, recovery was considerably improved constituting 51 to 95 per 
cent (Table 2). These results indicate that serious losses of aldosterone may occur as a 
result of treatment of the extract with sodium hydroxide. This finding may well explain 
the low recoveries of aldosterone reported by some authors. Certain workers have claimed 
satisfactory recoveries using the N/10 sodium hydroxide wash; the disparity between 


3 In regions of high humidity, the running time of the paper in both systems will be 
lengthened unless the unwashed paper is stored in a desiccator over silica gel. 
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TABLE 2. LOSSES OF ALDOSTERONE RESULTING FROM THE 
USE OF A SODIUM HYDROXIDE WASH* 


, Amt. of aldosterone Aldosterone Recovery 
added (ug.) (ug./sample) (%) 


A. Aldosterone added before wash 
1. Control K <0 
Aldosterone added 


2. Control <0 
Aldosterone added 


3. Control 26 
Aldosterone added 


B. Aldosterone added after wash 
1. Control : 52 
Aldosterone added : 


2. Control 0 715 
Aldosterone added ‘ 


3. Control 0 ‘ 94 
Aldosterone added 5.0 Z 


* In these instances, the residue from the chloroform extract was partitioned between 
hexane and 70% ethanol to remove nonpolar substances prior to chromatography. This step 
was found to be unnecessary and was later omitted. 


their results and those reported here remains unexplained, but it may be related to 
more elaborate precautions with regard to the temperature of the solutions or the time 
during which the chloroform extracts were in contact with the strong base. However, in 
view of the possibility of destruction of the steroid by the strongly basic solution, use 
of the milder wash appears to be preferable for routine use. 


PATIENTS AND CLINICAL PROCEDURES 


Fifty-six subjects were studied; 18 had normal blood pressure and 38 had hyper- 
tension. 

Subjects with normal blood pressure (controls). Of the 18 subjects studied, 14 were 
male hospital patients. The other 4 included 3 females with regular menstrual cycles, 
and 1 male. The admission diagnoses for the hospital patients are listed in Table 3. 
These men received the regular hospital diet with no restriction of om some of the 
group were ambulatory. 

Subjects with hypertension. Thirty-eight such patients were studied. They were all in 
the hospital, receiving the regular hospital diet with no restriction of salt; some were 
ambulatory (including 1 female). 

In addition to the routine clinical tests, the following diagnostic studies were made: 
- serum electrolyte, blood urea nitrogen and fasting blood sugar levels; erythrocyte 
sedimentation rate; bromsulfalein retention; electrocardiogram; chest and skull roent- 
genograms; plain roentgenogram of the abdomen; urea or creatinine clearance; and, 
when indicated, a glucose tolerance test and determination of urinary 17-ketosteroids. 
The 24-hour urine samples for aldosterone determination were collected after the patients 
had been in the hospital for one week, but before any of the special laboratory work was 
started. No patient was included in the study who showed evidence of renal disease, 
liver disease or frank endocrinopathy. Cases of malignant hypertension were excluded. 
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TABLE 3. CONTROL SUBJECTS: DIAGNOSES AND ALDOSTERONE EXCRETION 


Urinary 
Diagnosis aldosterone 
(ug. /24 hrs.) 


Male; not in hospital 14. 
Skin rash, lymphadenopathy 

Bilateral bronchopneumonia 

Exacerbation of chronic duodenal ulcer 

Peptic ulcer 

Chronic ulcerative colitis 

Female; not in hospital 

Abdominal pain, undiagnosed 

Rheumatic fever, remote; mitral insufficiency, compensated 
Eye injury, remote 

Cholecystitis, cholelithiasis, cholecystectomy 

Female; not in hospital 

Post-traumatic encephalopathy, severe 

Female; not in hospital 

Anginal syndrome 

Chronic duodenal ulcer; nonfunctioning adenoma of thyroid 
Chronic anxiety reaction; duodenal ulcer 

Chronic recurrent conjunctivitis; asthma; pericarditis, schizo- 
phrenia 


Pe 


Oe PR 


RESULTS AND DISCUSSION 


The excretion of aldosterone in the 18 control subjects is shown in Table 
3. In Table 4 the mean value for urinary aldosterone in the hypertensive 
patients is compared with the mean value in the control subjects. Con- 
sidering the data as a whole, the mean aldosterone excretion in the hyper- 
tensive group was higher than in the controls. However, the difference 
between the two means had a very low order of statistical significance 
(P >0.05-<0.10). Furthermore, inspection of the data suggested hetero- 
geneity in the hypertensive patients. The standard deviation (8.9) in the 
latter group was more than three times that (2.8) in the control group. A 
possible explanation became apparent when the data for the controls and 
the hypertensive patients were plotted in a frequency distribution graph 
(Fig. 1). The values for the normotensive group appeared to be normally 
distributed around the mean, whereas the distribution in the hypertensive 
group suggested two populations—a large one in which the values were 
distributed in approximately the same way as in the normotensive group, 


TABLE 4. COMPARISON OF 24-HOUR URINARY ALDOSTERONE DATA IN 
NORMOTENSIVE AND HYPERTENSIVE SUBJECTS 


Aldosterone excretion 


No. 
Subjects of cases Mean +s8.p. S.E. of 
(ug./24 hrs.) mean 


Normotensive 18 9.14+2.8 +0.68 


Hypertensive 38 13.3+8.9 +1.46 
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NORMOTENSIVE 
HYPERTENSIVE. 


NUMBERS OF PERSONS 


ws 15.1 21.1 33.1 


URINARY ALDOSTERONE wg. PER 24 HRS. 


Frequency distribution of 24-hour urinary aldosterone values 
for control and hypertensive patients. 


and a second smaller one in which the aldosterone excretion values were 
definitely higher than in the controls (Fig. 1). 

In order to test the hypothesis that the data on the patients with hyper- 
tension were heterogeneous, the following procedure was employed. Using 
the mean and standard deviations obtained for the normal population, a 
theoretical (expected) distribution of the data on the hypertensive patients 
was calculated on the assumption that the hypertensive population was 
homogeneous and no different from the normotensive. The chi square cal- 
culation was carried out using both the theoretical distribution and the 
actual values for aldosterone excretion in the hypertensive patients (Table 
5). A chi square of 23.8 was found which, with N equal to 3, has a proba- 
bility of less than 0.001. This indicates that the hypertensive population 
was indeed heterogeneous. Hence the calculation of ¢ (Table 4) using the 
entire hypertensive data versus the control data is probably not justified. 


TABLE 5. CALCULATION OF CHI SQUARE TO TEST THE HOMOGENEITY 
OF THE HYPERTENSIVE GROUP 


(fo —f)? 


Class interval 


Observed 
0 


Theoretical 


(fo —f) 


(fo —f)? 


f 


8 
15 
15 


5.38 
27.19 
5.40 


2.62 
—12.19 
9.60 


6.86 
148.59 
92.16 


1.28 
5.46 
17.06 


Chi square 


= 23.80 


P<0.001 
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As a further test of heterogeneity of the data on the hypertensive group, 
these patients were arbitrarily divided into two categories—one in which 
the 24-hour excretion of aldosterone was more than 17.5 wg., and one in 
which it was less than 17.5 wg.—and a ¢ test was carried out (Table 6). 
A probability value of less than 0.001 was obtained. This is additional 
evidence against homogeneity. Thus there appears to be good reason to 
believe that the hypertensive group consisted of two populations—one 
in which the mean values and the distribution were virtually the same as 
in the normotensive population, and a second smaller one in which the 
values for urinary aldosterone were elevated. In this series, the smaller 
population with increased aldosterone excretion made up about 25 per cent 
of the entire hypertensive group. 


TABLE 6. COMPARISON OF URINARY ALDOSTERONE DATA ON THE POSTULATED 
TWO POPULATIONS IN THE HYPERTENSIVE GROUP 


Aldosterone excretion 


Group Mean +s.p. of 
(ug./24 hrs.) mean 


Hypertensive; 24-hr. aldosterone 
value below 17.5 ug. 9.0+3.9 +0.73 


Hypertensive; 24-hr. aldosterone 
value above 17.5 ug. 27.0+6.4 +2.20 


It is possible that the latter population may have been larger than 
indicated from our data. Only 1 aldosterone determination was made per 
patient. More recent studies have demonstrated a day-to-day fluctuation 
in aldosterone excretion both in patients with normal levels and in those 
with elevated levels. Thus an occasional patient with an apparently normal 
excretion of aldosterone may from time to time excrete an increased 
amount of the steroid, and this may have been missed in our study. It 
seems evident that serial determinations of daily aldosterone excretion 
would be necessary to permit a final statement as to the percentage of 
hypertensive patients with significantly elevated levels of urinary aldo- 
sterone. 

Correlation of urinary aldosterone values with other clinical findings. The 
mean serum potassium level for the normotensive subjects was 4.39 +0.14 
mEq. per liter, and for the hypertensive patients it was 4.40 +0.08 mKq. 
per liter. Among the hypertensive patients, 6 had serum potassium levels 
between 3.2 and 4.0 mEq. per liter (normal range, 4.1—5.6 mEq.) ; of these 
6, only 1 had an elevated urinary excretion of aldosterone. Of the 9 patients 
whose aldosterone excretion was more than 17.5 wg. per twenty-four hours, 
8 had normal serum potassium levels. There appeared to be no correlation 


t P 
| | 10.24 |<0.001 | 
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between serum potassium concentration and urinary aldosterone excretion 
in this study. 

The values for serum sodium concentration presented a similar picture. 
The mean level for the normotensive subjects was 138 +0.93 mEq. per 
liter, and for the hypertensive patients it was 137 +0.83 mEq. per liter. 

The mean diastolic blood pressure for the hypertensive patients was 
118 +3.06 mm. Hg for the group with a 24-hour aldosterone excretion less 
17.5 ug., and 130 +5.32 mm. for the smaller group with an excretion greater 
than 17.5 wg. Six patients (21 per cent) in the low-aldosterone group had 
a lower diastolic pressure than any of those in the high-aldosterone group. 
The highest diastolic pressures in the two groups were nearly the same, 
only one value (1f per cent) for the high-aldosterone group exceeding those 
for the low-aldosterone group. 

These preliminary results show that about 25 per cent of the patients 
with essential hypertension included in this study had significantly ele- 
vated levels of urinary aldosterone, but they did not exhibit the abnormal 
serum electrolyte changes seen in primary aldosteronism. 

Our observations are in general agreement with the earlier finding of 
Genest and his co-workers (3,4). The significance of increased urinary 
aldosterone in hypertension remains to be determined. 
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URINARY EXCRETION OF CORTISOL IN 
CUSHING’S SYNDROME: EFFECT 
OF CORTICOTROPIN 


E. J. ROSS, M.D. 
Medical Unit, University College Hospital Medical School, London, W.C.1., England 


ABSTRACT 


The excretion of free cortisol in the urine of patients with Cushing’s syn- 
drome is in excess of normal, and frequently the amount is many times the 
upper limit of normal. In patients with Cushing’s syndrome due to adreno- 
cortical hyperplasia the response to the administration of corticotropin was 
far greater than that shown by normal subjects. One patient with an adreno- 
cortical adenoma showed no response to corticotropin. Measurement of cortisol 
excretion may be of diagnostic importance in cases of Cushing’s syndrome when 
the group tests for corticosteroids yield equivocal findings. 


HE pattern of excretion of adrenocortical steroids in the urine of 

normal subjects and of patients with a variety of metabolic and 
endocrine diseases has been studied. For purposes of comparison, use has 
been made of the appearance under ultraviolet light of the photoprint of 
a paper chromatogram of an extract of urine subjected to hydrolysis at 
pH 1 and run in the toluene-propylene glycol system of Zaffaroni, Burton 
and Keutman (1). 

As would be anticipated, the patterns obtained in cases of Cushing’s 
syndrome were abnormal; patients with this disease exhibit an unusually 
high excretion of cortisol. In addition, they exhibit a response to the 
administration of corticotropin which is sharply differentiated from the 
normal; this has been briefly remarked upon in a previous paper (2). The 
difference in cortisol excretion between normal subjects and ‘patients with 
Cushing’s syndrome is so pronounced that it may help in the laboratory 
diagnosis of this disease. 


METHODS 


Urine collections were made over four consecutive 24-hour periods. Normal subjects 
and patient were allowed unrestricted diets. On the third and fourth days an infusion 
of 25 v.s.p. xv units (intravenous) of corticotropin (Upjohn Company) in physiologic 
sodium chloride solution was given over the first eight hours of the 24-hour collection 
period. 

One liter of each 24-hour urine collection, or the whole collection if it amounted to 
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less than one liter, was subjected to hydrolysis with HCl at pH 1 for thirty-six hours, 
since this urine was also being used for aldosterone estimations. For extraction of the 
steroids, the acidified urine was then continuously treated with chloroform (2:1) in 
an extractor of the Cohen type (3) for a period of twelve hours. After neutralization 
to pH 7 with 1 per cent NaOH, the chloroform extract was dried with anhydrous 
sodium sulphate and brought to dryness under reduced pressure. The dried extract was 
taken up in chloroform, purified by passing through a Florisil column, and eluted with 
25 per cent methanol in chloroform. The eluate was brought to dryness. The residue 
was taken up in chloroform and put on a Whatman No. 1 paper which was run for 
forty-eight hours (or for such a time as to ensure adequate separation of the cortisol 
band) in the paper chromatographic system of Zaffaroni, Burton and Keutman (1), 
using 25 per cent propylene glycol in methanol as the stationary phase and toluene as 
the mobile phase. Cortisol and cortisone were used as reference standards. 

The resulting chromatogram was photoprinted under ultraviolet light. The band 
corresponding to the cortisol standard was cut out, eluted with 20 ml. of methanol, 
evaporated to dryness, and a suitable aliquot taken for measurement by the dinitro- 
phenylhydrazine method of Gornall and MacDonald (4). Urinary 17-hydroxycorticoids 
were determined by the method of Reddy (5) and 17-ketogenic steroids in Dr. Swyer’s 
laboratory by the method of Norymberski et al. (6). 

. The simplest of methods was deliberately chosen for the isolation of cortisol from 
urine, so that it can be used routinely. A clean separation of cortisol, but not of cortisone, 
from other excretory products was obtained with a single paper chromatogram run on 
the system of Zaffaroni et al. (1) for forty-eight hours, or longer if necessary. The purity 
of the cortisol band eluted from this system was checked by re-running it in the ‘“C” 
system of Bush (7) and the “‘E.B” system of Eberlein and Bongiovanni (8). No con- 
taminant was found. Recovery of C'*-cortisol added to urine after extraction and running 
through the Zaffaroni system was 56-65 per cent. Correction for recovery was not made 

in the data submitted. 


“RESULTS 


Normal subjects. The range of cortisol excretion in 8 normal male sub- 
jects without obvious endocrine disease, under these conditions of extrac- 
tion and estimation, was 3 to 48 ug. per twenty-four hours, with a mean 
of 15.4 ug. The distribution of the results is shown in Figure 1. 

The administration of corticotropin for two days resulted in an increased 
excretion of cortisol, the range being 160 to 360 ug. per twenty-four hours 
on the second day, as shown in Figure 2. 

Cushing’s syndrome. Eleven patients with Cushing’s syndrome were 
studied. All were females from 20 to 50 years of age. In 8 patients adreno- 
cortical hyperplasia was found at operation; 3 had adenomata. The effect 
of administration of corticotropin on the urinary excretion of 17-ketogenic 
steroids and of free. cortisol is shown in Table 1. As will be seen from 
Figure 2, these patients excreted much greater quantities of cortisol than 
did subjects presumed to have normal adrenal function. In no case did 
the control amount of cortisol excreted by patients with Cushing’s syn- 
drome fall within the normal range, although in 1 case of adrenocortical 
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Fic. 2. Effect of corticotropin on the 
renal excretion of cortisol in cases of 
Cushing’s syndrome. 


DISCUSSION 


Difficulty can be encountered in the laboratory confirmation of the 
diagnosis in some patients clinically suspected of suffering from Cushing’s 
syndrome because their basal levels of excretion of corticosteroids, as 
measured by group tests such as 17-hydroxycorticoids (4) or 17-ketogenic 
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hyperplasia the amount was barely above the upper limit. In only 1 of 
the patients with adrenocortical adenoma was urine available that had 
been passed during a corticotropin test; analyses showed that there had 
been no response to stimulation by corticotropin. In the patients with 
adrenocortical hyperplasia, on the other hand, there was a pronounced 
increase of cortisol excretion during administration of corticotropin 
amounting in 1 case to 30 times the control value. 
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TABLE 1. URINARY EXCRETION OF CORTICOSTEROIDS IN CusHING’s SYNDROME 
AND THE RESPONSE TO CORTICOTROPIN. 


17-Ketogenic steroids Free cortisol 
Sitting (mg./24 hrs.) (ug./24 hrs.) 
Corticotropin Corticotropin 
adrenals | Control Control 
Day 2 Day 2 


Normal 40-70 3-48 160-360 


Hyperplasia 105 
Hyperplasia 104 425 
Hyperplasia — 174 
Hyperplasia 135 

Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 


hes: 


Adenoma 
Adenoma 
Adenoma 


* 17-Hydroxycorticoids determined in this case. 


steroids (5), fluctuate from day to day and may lie within the normal 
range or even below it (9). 
It is well established that the adrenal cortex of most patients with 
Cushing’s syndrome due to adrenal hyperplasia, when stimulated by exog- 
enous corticotropin, responds by an increase in corticosteroid excretion 
in excess of the normal range (10-12). Corticosteroid excretion in a few 
cases, however, may lie within or close to the upper extreme of the normal 
range. In cases of adrenocortical adenoma, the basal levels of cortico- 
steroid excretion and the response to stimulation with corticotropin may 
be normal and give rise to diagnostic difficulties. 

Measurement of the-urinary excretion of free cortisol, and of the effect 
thereon of the administration of corticotropin may be of assistance in 
such cases, if the experience obtained from this small series of patients be 
confirmed. In the 3 cases of adenoma studied in the present series the 
basal excretion of cortisol was well above the normal range. 

Cope and Black (13) measured urinary cortisol output in hospitalized 
patients by a similar method and found a wider range of normal excretion 
(0-110 wg. per twenty-four hours). In 12 cases of Cushing’s syndrome 
studied by them, the amount of cortisol excreted overlapped the upper 
limit of normal in 2-instances, and ranged upwards to a value 8 times 
higher than the normal limit. They did not report on the result of admin- 
istration of corticotropin. In the present series, 1 patient out of 11 excreted 
quantities of cortisol just above the normal range; the remainder of the 
excretion values were well above this level. Such a variation in excretion 
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tient 
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is not unexpected, since day-to-day fluctuation of corticosteroid excretion 
has been noted by several observers (9, 14, 15). Fortunately, the potential 
to respond to the administration of corticotropin by an exaggerated urinary 
output of cortisol is retained during all phases of this cycle, so that an 
increase in cortisol excretion to levels greatly exceeding the normal is 
seen regardless of the amount excreted during the control period. Indeed, 
the patient with the lowest control values had the greatest response to 
corticotropin. It is for this reason that the corticotropin test and measure- 
ment of cortisol excretion may resolve a diagnostic problem in cases in 
which the results of group tests are equivocal. 

The urinary excretion of cortisol has been compared with that of 17- 
hydroxycorticoids by Crabbé and associates (2). In a normal subject, the 
excretion of 17-hydroxycorticoids increased 6-fold during the administra- 
tion of corticotropin for two days, while the excretion of cortisol increased 
22-fold. In a patient suffering from Cushing’s syndrome, the administration 
of corticotropin resulted in a 4-fold rise in 17-hydroxycorticoids, compared 
with a 90-fold rise in cortisol excretion. Cope and Black (13) likewise 
contrasted the urinary excretion of cortisol with that of 17-ketogenic 
steroids, noting that in Cushing’s syndrome the mean excretion of cortisol 
was 8 times that of the mean excretion in normal subjects, whereas the 
mean excretion of 17-ketogenic steroids was only 4 times that of the mean 
in normal subjects. 

The reason for this discrepancy, as has been discussed by Cope and 
Black (13), probably lies in the change of the degree of binding of cortisol 
by the plasma proteins at different plasma concentrations of cortisol. 
Mills (16) found that circulating cortisol was 95 per eent bound at 37° C. 
when the plasma concentration was 10 ug. per 100 ml., 80 per cent bound 
at a plasma concentration of 40 wg. per 100 ml., and only 72 per cent 
bound at a plasma concentration of 80 ug. per 100 ml. Thus with rising 
plasma concentrations, an increasing proportion of circulating cortisol is 
available for glomerular filtration. At a plasma concentration of 10 ug. 
per 100 ml. and 98 per cent protein binding (assuming a glomerular filtra- 
tion rate of 100 ml. per minute), only 0.2 yg. of cortisol is filtered per 
minute. At a plasma concentration of 80 ug. per 100 ml. and 72 per cent 
protein binding, the amount of cortisol filtered would be 22.4 ug. per 
minute. There is thus a 112-fold increase in the filtered load for an 8-fold 
increase in plasma concentration. 
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LABELING OF ERYTHROCYTES IN VITRO WITH 
RADIOIODINE-TAGGED I-TRIIODOTHYRONINE 
AS AN INDEX OF THYROID FUNCTION: AN 
IMPROVED HEMATOCRIT CORRECTION* 


RALPH ADAMS, B.A., NORMAN SPECHT, M.D. 
AND IVOR WOODWARD, M.A. 


Departments of Radiology and Internal Medicine, College of Medical Evangelists, 
Los Angeles, California 


ABSTRACT 


The labeling of erythrocytes in plasma during incubation with I'*!-tagged 
l-triiodothyronine (T;) was studied in blood samples prepared with a widely 
varying hematocrit. The percentage red-cell uptake corrected to a hematocrit 
of 100, as employed by other investigators for an index of thyroid function, 
was shown to vary considerably with changes in the hematocrit. This varia- 
tion is sufficient to explain the difference reported by others in the average 
values for euthyroid males and females. Cell labeling was shown to obey a 
simple equation derived from the law of mass action. The labeled T; taken up 
by the red cells was proportional to the product of the red-cell mass and the 
concentration of labeled T; remaining in the plasma after incubation. The 
constant of proportionality, or binding coefficient, was characteristic of a 
given plasma sample and was essentially independent of the hematocrit over a 
wide range. Therefore it should be a more reliable index of thyroid function 
than the percentage red-cell uptake per 100 hematocrit. 


HE uptake of I'*!-labeled triiodothyronine (T;) by erythrocytes was 
reported by Hamolsky (1) in 1955. Crispell and associates (2) showed 
that red cells washed and suspended in saline and incubated with I'*!- 
labeled triiodothyronine take up 80-90 per cent of the labeled T;. They 
further demonstrated that the labeling process was markedly inhibited by 
plasma. 

Hamolsky et al. (1, 3, 5) showed that the degree of labeling of red cells 
in plasma is a function of the thyroid status of the plasma donor. They 
reported ranges for normal, hypothyroid and hyperthyroid subjects, based 
upon the results of 2,900 determinations. They and others (5, 6) employ- 

-ing this test as an index of thyroid function, correct the measured uptake 
to a hematocrit of 100: - 


(I) 


F 
Per cent red cell uptake = 7 x 100 
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where F is the measured fraction of the labeled triiodothyronine (T;) 
taken up by the cells and H is the hematocrit expressed as a decimal frac- 
tion. Hamolsky and associates obtained variable results with sample 
hematocrits below 30 or above 55, and they adjusted the hematocrit to 
within this range before labeling if necessary. 

Let us consider a binding process in a sample of whole blood incubated 
with labeled T; and assume the quantity of T; bound by the cells to be 
proportional to the product of the reactants, conforming to the law of mass 
action. If one treats all components of [-triiodothyronine as uniformly 
available to the reaction, the two reactants are the red-cell mass and the 
concentration of labeled T; in the surrounding plasma. The red-cell mass is 
proportional to the hematocrit H, and the labeled T; concentration varies 
inversely as the plasmacrit 1 — H. From the law of mass action one might 
expect the reaction to obey the equation: 


(II) 


where X = the quantity of labeled T; bound by the cells during incubation, 
K=the constant of proportionality, or binding coefficient, A=the total 
labeled T; added to blood sample, and A—X =the quantity of labeled T; 
remaining in plasma after incubation. 

From equation IT: 


_ H) 


Let F=X/A =the fraction of labeled T; bound by the cells. 
Substituting in equation IIT: 


FQ- 4) 


If the foregoing assumptions be correct, the binding coefficient K should 
be characteristic of a blood donor and independent of the hematocrit. 


(IV) 


MATERIALS AND METHODS 


The following procedure was employed in the study of blood from several euthyroid 
donors: 

Venous blood, withdrawn into a heparinized syringe, was centrifuged and the plasma 
collected. Varying amounts of red-cell mass were added to Lusteroid test tubes. The 
volumes were brought up to 3 ml. with the collected plasma. 

To each sample was added 0.1 ml. of Tr1s buffer (7, 8) solution! and 0.1 ml. of J- 
triiodothyronine solution? containing approximately 0.1 we. of radioiodine (I''). The 


1 Tris hydroxymethyl aminomethane, 30 Gm. per liter at pH 7.4. 
2 Specific activity, 10-40 mc. per mg. Obtained from Abbott Laboratories. 
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TABLE 1. LABELING OF WHOLE BLOOD SAMPLES PREPARED WITH WIDELY VARYING 
HEMATOCRIT. DATA ON 3 EUTHYROID PATIENTS. H AND F ARE 
EXPRESSED AS DECIMAL FRACTIONS 


Volume 20 


Sample 


(net cts. /sec.) 


Before 
washing 


After 
washing 


(net cts./sec.) 


F 


H 


F/H 


Patient RA 
Ref. Std. 


oo 
ON 


0. 
0. 
0. 
0. 
0.107 
0. 
0. 
0. 
0. 


oo 
yo 

aS 


ee 
i) 


Patient EB 
Ref. Std. 


10 


coocecececo 


or 


o 


Patient CH 
Ref. Std. 


0 
0 
4 
27.5 
6 
x 
8 


o 


or 


tubes were stoppered and incubated for two hours at 37° C. with continuous agitation. 


After incubation a microhematocrit determination was made on each sample. Radio- 
assay was performed with a well-type scintillation counter, using an I'*! reference source 
to correct for possible instrument drift. The samples were washed four times with a 
- tenfold dilution in physiologic sodium chloride, and then were centrifuged for three 
minutes at 5,000 g. The volumes were restored with the saline to the original 3.2 ml. 
Labeled T; bound by cells was measured in the well counter. The percentage red-cell 
uptake, as in the method of Hamolsky et al., was calculated for each sample from equa- 
tion I. In the proposed method, the binding coefficient K was calculated from equation 
IV. For example, with a hematocrit of 40 and an uptake of 10 per cent: 


K 


_ 0.1 (1 0.4) 
~ 0.4(1 — 0.1) 


= 0.167. 


: 
329 327 
810 104 
845 2 104 
7 723 2 112 
865 6 112 
2 827 108 
765 113 
A 1040 161 117 
860 205 125 
oe 815 299 135 
763 498 163 
912 925 
1640 4 116 
1485 7 
1485 
1520 152 136 
1490 138 
1480 194 
1570 280 
1560 424 
1510 615 
890 
1490 0.032 .130 
1450 0.050 ‘118 
1410 0.095. ‘119 
1440 0.140 
1440 0.224 “117 
q 1370 0.262 |. 
1290 0.355 
1320 126 0.0955 0.455 ‘127 
1500 225 0.151 0.585 
10 1440 325 0.225 0.675 
se 11 1380 433 0.316 0.750 .154 
12 1250 915 0.733 0.930 206 
ae 
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“ 
HEMATOCRIT 


Fig. 1. Effect of hematocrit on the red- 
cell uptake, corrected by Hamolsky’s 
method to a hematocrit of 100 (F/H). 
Comparison with the binding coefficient 
(K) calculated by the authors’ method. 
Data from Table 1: a=Patient RA; 
b= Patient EB; c= Patient CH. 


“ n 
HEMATOCRIT 


RESULTS 


Data on 3 euthyroid subjects are shown in Table 1, together with calcu- 
lated values for F/H and K. In Figure 1 these values are shown as a func- 
tion of the hematocrit. A marked variation in F/H (the red-cell uptake as 
calculated by Hamolsky’s method) was demonstrated with an increasing 
hematocrit. The value at a hematocrit of 55 per cent was increased by a 
factor of 1.5 over that measured at a hematocrit of 30 per cent (Table 2). 
However, the binding coefficient K increased only slightly with a hemato- 
crit up to 70 per cent. At a hematocrit of 55 per cent, the values were 
elevated only about 5-10 per cent over those measured at a hematocrit of 
30 per cent (Table 2). 


DISCUSSION 


The foregoing results are consistent with a labeling process which obeys 
the law of mass action. The labeled T; taken up by the red cells appears to 
be approximately proportional to the product of the red-cell mass and the 
concentration of l-triiodothyronine remaining in the plasma at the end of 
incubation. 

In Hamolsky’s method, correction is made for variation with the hema- 
tocrit of the red-cell mass, but not for the level of triiodothyronine con- 
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TaBLe 2. VALUES FoR F/H anp K art HEMATOCRITS OF 30 
AND 55—FROM CURVES IN FiGcuRE 1 


Difference 


Difference 


Hematocrit F/H K 


0.30 0.165 0.108 
RA 0.55 0.245 48% 0.113 4.6% 


0.30 0.175 0.127 
EB 0.55 0.267 52% 0.140 10% 


0.30 0.165 - 0.120 
CH 0.55 0.247 50% 0.125 4.2% 


Patient 


centration as influenced by the hematocrit and the transfer of labeled T; 
from the plasma to the cells during labeling. The red-cell uptake as calcu- 
lated in his method might appear in the hypothyroid range because of a 
low hematocrit, or in the hyperthyroid range in cases of polycythemia. It 
is not surprising, therefore, that other. investigators have obtained incon- 
sistent results for samples with high or low hematocrits. 

In the method proposed by the authors the binding coefficient, K, does 
not vary greatly with the hematocrit over any clinical range. The slight 
increase in K with hematocrit may be explained as the result of plasma 
dilution by buffer and /-triiodothyronine solutions. Particularly with a 
high hematocrit, this 0.2 ml. becomes a significant fraction of the fluid 
volume. When the added volume of buffer and T; is reduced to 0.025 ml., 
no consistent increase in K is demonstrated up to a hematocrit of 90 (Fig. 
2). 

Hamolsky et al. (4) reported in their euthyroid series an average cor- 
rected red-cell uptake of 13.9 per cent for 1,301 females and 15.2 per cent 
for 566 males. This disparity is about what should be expected on the basis 
of the different average normal hematocrits of the two sexes. Assuming 
an average hematocrit of 42 for females, and 47 for males (9), one calcu- 
lates essentially identical values for the average binding coefficients in this 
series, namely, 0.086 for females and 0.087 for males. Robbins (6), in his 
series of 300 determinations on euthyroid subjects, obtained an average of 


Fig. 2. Binding coefficient (K) as a 
function of hematocrit (H) when added 
volume of buffer and T; solution is re- 
duced to 0.025 ml. per 3-ml. sample. 
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14.6 per cent for females and 16.3 per cent for males. The corresponding 
binding coefficients, 0.090 and 0.093 respectively, are equal within the 
statistical limits of error. 
From our brief clinical experience the following tentative ranges for K 

have been assigned: 

euthyroid, 0.10-0.18 

hypothyroid, 0.06-0.10 

hyperthyroid, 0.18-0.35 


These values indicate somewhat greater labeling in all three ranges than 
might be expected from Hamolsky’s reports. 

In our method no cbdrrection is made for elution of activity from the cells 
during washing. In our laboratory after removal of plasma T; is virtually 
complete, 5-7 per cent of the remaining activity is removed from the cells 


9 


NUMBER OF WASHES 


Fig. 3. Elution of /-triiodothyronine activity from red cells during washing. Comparison 
with washing of I'*'-labeled human serum albumin (RISA) from whole blood. 
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during each wash (Fig. 3). Meade (10) reported a similar study in which 
the loss of radioactive material was also exponential but increased with 


the duration of the wash. 

For reproducible results, all details of labeling and washing should be 
standardized within a laboratory, and the fewest washings should be em- 
ployed consistent with adequate removal of plasma. The use of three or 
four washes appears to be the optimal procedure. Loss of labeled T; from 
the cells during washing can be minimized by brief centrifugation at high 


speed. 

Because of its relative independence of the hematocrit the binding co- 
efficient, K, is a more reliable index of thyroid function than is the percent- 
age red-cell uptake per 100 hematocrit now employed elsewhere. The use- 
fulness of K could be evaluated from a restudy of Hamolsky’s and of 
Robbins’ series and those of other investigators. Such a study might serve 
to reduce the overlap reported between euthyroid and abnormal ranges. 
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ABSTRACT 


In a 14-year-old girl with a large nontoxic nodular goiter, an iodinated 
compound with the mobility characteristics of /-triiodothyronine (/-T;) in a 
series of chromatographic solvent systems was found in large amounts in the 
serum, and as the almost exclusive compound in the nodular tissue of the left 
thyroid lobe. Confirmatory evidence was supplitd by the distributions of both 
It and [!?? iodinated compounds. Co-chromatographic studies with several 
solvent systems failed to reveal any discrepancy between the behavior of the 
compound in question and that of /-T;. The fact that the patient was euthyroid 
and that the function of the right lobe of the thyroid was normal (though 
suppressible by exogenous /-T;) suggests that the compound was not /-T;. The 
fact that, after left hemithyroidectomy for removal of the nodular tissue, the 
distribution of stable serum iodine was normal suggests that the compound 
had been formed and released by the nodular tissue of the left lobe. The 
chromatographic identity of the compound with /-T; raises several possibilities 
as to the nature of this iodinated material that was apparently formed and 
released by a specific area of the thyroid. 


UPP and coworkers (1) have described a 23-year-old woman with a 
nontoxic goiter that was known to have been present for nine years. 
Triiodothyronine was identified as the major I'*!-labeled iodinated com- 
pound in the serum upon paper chromatographic separation. In our clinic, 
a 14-year-old girl with nontoxic goiter of two years’ duration has been 
studied. The distributions of both labeled and stable iodinated compounds 
were determined in the serum, and in the thyroid gland. 

The peculiar circumstance under which a nontoxic goiter forms despite 
an apparent excess of circulating triiodothyronine (T;) raises the question 
whether this triiodothyronine could in fact be some other material such as 
an analogue—for example, the d-form of T;, the reverse form (3-3’-5’-T;) 


Received March 30, 1960. 
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or even a conjugated product (2, 3). The results of chromatographic studies 
performed to investigate these possibilities are presented. 


CASE REPORT 


S.A. (U.H. 1421242), a female aged 14 years, was first seen April 18, 1959 with a 
goiter known to be present for two years. Family, personal and past histories were ir- 
relevant except for the menarche at the age of 11 years and 10 months with regular 
menses since, atopic dermatitis for the year before the first clinic visit, and adequate 
weight gain and growth for her age. 

The presenting illness began two years before, when a “‘small goiter’? was noted by 
the parents on a visit to the patient at a summer camp. Six months later, the goiter 
was noted to be growing in size. Lugol’s solution for three months made the gland 
“harder and larger.’”’ Thyroxine in an unknown amount daily was then given for two 
months, followed by triiodothyronine daily for three months, thyroid daily for three 
months, and finally triiodothyronine (0.1 mg. daily) for the ten weeks prior to and in- 
cluding the day of her first visit here. These medications had no evident effects except 
for possible arrest of further growth of the thyroid. 

Physical examination was non-revealing, except that the thyroid was greatly en- 
larged on the left and in the isthmic area, which was cystic upon palpation. A bruit 
was audible in the right supraclavicular fossa. 

Laboratory examination at the time of first visit, while the patient was taking tri- 
iodothyronine, showed normal findings for blood count, urinalysis, erythrocyte, sedi- 
mentation rate and serologic tests for syphilis. A BMR was —8 per cent, serum choles- 
terol level 208 mg. per 100 ml., protein-bound iodine (PBI) 2.4 ug. per 100 ml., butanol- 
extractable iodine (BEI) 1.6 wg. per 100 ml., 24-hour thyroidal I'*! uptake 2 per cent, and 
serum protein electrophoretic pattern normal without gamma globulin excess. Three 
weeks after stopping T; therapy, the 24-hour thyroidal I'*' uptake was 22 per cent with 
radioactivity spread diffusely over a right lobe of about normal sjze and over the superior 
pole of the left lobe in an area about a third the size of the right lobe. The chromato- 
graphic findings seventy-two hours following a test dose of 200 ue of I'* given seven 
weeks after the last dose of T;, are presented subsequently. The serum PBI"! value at 
seventy-two hours was 0.27 per cent per liter, and the PBI level was 4.7 ug. per 100 ml. 
X-ray examination of the bony epiphyses of the right hand and wrist revealed an ad- 
vanced bone age comparable to that of an 18-year-old girl. 

Operation was performed on July 2, 1959 (three days after I"! labeling) by Dr. 
Lawrence W. Sloan of the Department of Surgery and the enlarged left lobe was com- 
pletely removed. This lobe overlapped the isthmus. 

The pathologic report was as follows: 

Gross: Specimen consists of a left lobe of thyroid gland which weighs 100 grams 
and which measures 10X8X3 em. The thyroid lobe on its external surface ex- 
hibits a purplish gray, moderately firm, smooth surface for the most part. On 
opening, it is found to contain bloody material and exhibits multiple cystic lesions, 
some of which contain blood and others, yellow watery fluid; in other areas, the 
tissue is white, firm, smooth or pale yellow-brown and fleshy. 
Microscopic: The capsule is markedly thickened by fibrous tissue and many of the 
acini are considerably enlarged and filled with colloid. Some of the follicles maintain 
their normal size while others are small. In places there are foci of fibrosis, and 
cyst-like structures filled with colloid. In others, there are hyperplastic papillary 
projections into the follicles. The cells lining the acini are normal in appearance. 
Diagnosis: Nontoxic nodular goiter. 
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Course. Three months postoperatively, the patient was euthyroid. The serum PBI 
level was 4 ug. per 100 ml., BMR—19 per cent, and serum total cholesterol level 208 mg. 
per 100 ml. 


METHODS 


The methods used for chromatography and determination of the radioactive and 
stable iodinated compounds in the thyroid and blood have been described elsewhere 
(4, 5). In the present study, a test dose of 200 ue. of I'*! was given seventy-two hours 
preoperatively. At operation, blood was drawn from the internal carotid and internal 
jugular arteries. A portion of the nodular left lobe of the thyroid was removed, placed 
immediately in gauze wet with physiologic salt solution, and kept on ice until brought 
to the laboratory. No healthy tissue was obtained. Digestion procedures on the nodular 
tissue and serum were initiated on arrival in the laboratory. A portion of thyroid tissue, 
of cyst fluid, and of each serum was kept frozen at —20°C. sie: seaneaain (a few 
milligrams) was added to the sera and cyst fluid on receipt. 

Extraction procedure for serum. A 10-ml. aliquot of serum was acidified to pH 3 with 
1:3 H.SO, and subjected to extraction with 100 ml. of n-butanol for three minutes under 
reflux. The extract was filtered, the filtrate made alkaline with NH,OH, concentrated to 
5 ml. in vacuo, and filtered a second time. The filtrate was brought to dryness in a Roto- 
vac and the residue taken up in 20 ml. of n-butanol: chloroform (1:3 v/v). The butanol- 
chloroform extract was treated further (4X50 ml.) with 1N NH,OH. The ammoniacal 
extracts were combined, brought to dryness, and the residue taken up in 5 ml. of meth- 
anol: NH,OH (99:1 v/v). The extract was concentrated to 0.5 ml. and spotted on What- 
man #3 chromatography paper. The chromatog:ams were developed for twenty-four 
hours by the descending technique in 2-butanol:3% NH,OH (3:1 v/v) solvent (4). 
The chromatograms were cut into 41.4 em. strips and the radioactivity counted in 
an automatic gas-flow counter. The same strips were eluted with H.SO,-arsenious acid 
- for six hours and the eluates read in a colorimeter at 420 muy, after adding ceric sulfate 
reagent for determination of the stable iodine. The cyst fluid was similarly treated. 

Digestion procedure for thyroid tissue. A 5-gram portion of tissue previously boiled 
with acetic acid and neutralized to pH 7.0 was homogenized in 100 ml. of borate buffer 
0.05M (pH 8.6) after adding 5 mg. of propylthiouracil. To the homogenate, 350 mg. of 
Pancreatin and 2 drops of preservative were added, and the material was incubated at 
37° C. for three days. At the end of that time the homogenate was held in boiling water 
for three mihutes to inactivate the enzyme, cooled, 350 mg. of erepsin added, and the 
mixture incubated! for a further period of two days at 37° C. The homogenate was then 
acidified to pH 3 and subjected to extraction four times, with 2 volumes of water- 
saturated n-butanol each time. The butanol extract was made alkaline with NH,OH, 
and brought to dryness in the Roto-vac. The residue was taken up in 5 ml. of methanol: 
NH,OH (99:1 v/v) and spotted on Whatman #3 chromatography paper in 25-microliter 
increments. The chromatographs were developed by the descending technique using 
2-butanol:3% NH,OH (150:50 v/v) for the first dimension and 2-butanol:conc. 
NH,OH (3:1 v/v) solvent (5) or tertiary amyl alcohol: NH,OH:H,.O (5:1:4 v/v) for 
the second dimension (6). ” 

Chromatograms. One-dimensional chromatograms of the thyroid digest developed in 
2-butanol:3% NH,OH were used for the determination of radioactivity as well as stable 
iodine in the same manner as the chromatograms of the serum extracts. Upon finding 
that the proportion of radioactive and stable T; was unusually high in the one-dimen- 


1 This step can be omitted, since no significant difference in values results from the 
additional hydrolysis. 
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sional chromatograms, additional studies were made with the thyroid digest of the 
stable iodine. Co-chromatography in two dimensions with added stable thyroxine (T,), 
or T3, was performed using 0.1 ml. of the thyroid digest for each determination. 

The dried chromatograms were sprayed with ceric sulfate-arsenious acid-methylene 
blue reagent and then exposed to ammonia vapor (5). The iodocompounds finally ap- 
pear as bright blue spots against a yellow background. The tertiary amyl alcohol- 
ammonia solvent (6) distinguishes from T; the sulfate and glucuronide conjugates and 
acetic analogues of T; and T, as well as the reverse form of T3, 3,3’5’-T3, and 3,3’-T». 

Three months postoperatively, serum was again obtained and the distribution of 
I? determined in the foregoing manner. 


RESULTS 


The distributions of I'*'-labeled and stable iodinated compounds in the 
serum, in the nodular tissue of the left lobe of thyroid, and in the fluid from 


TABLE 1. RELATIVE PERCENTAGE DISTRIBUTIONS OF I['3!-LABELED AND STABLE IODINATED 
AMINO ACIDS IN SERUM, AND IN THYROID TISSUE AND A NON-FUNCTIONING CYST IN 
THE NODULAR LEFT LOBE OF THE THYROID REMOVED AT OPERATION 


Relative percentage distribution 


Source 


Ts 
56 
46 
76 


MIT 
3 
3 
5 


I- 
1 
1 
8 


Ts 
28 
40 


T; 
59 
50 
78 


I- 
12 
9 
6 


Venous blood 


12 


Arterial blood 


Thyroid tissue 


Fluid from 
cyst of thyroid 


Virtually no activity 10 4 3 25 58 


* DIT =diiodotyrosine; MIT =monoiodotyrosine; I=iodide; T,=thyroxine; T;=tri- 
iodothyronine. 


a cystic area in the left lobe, are shown in Table 1. Approximately 90 per 
cent of the radioactivity in both venous and arterial blood was present in 
the iodothyronine fraction. The radioactivity of the T; area exceeded that 
of the T, area in both samples, although T, accounted for about 30—40 per 
cent of the total distribution. The remaining activity was found in the 
iodide fraction. 

In contrast, the nodular gland tissue exhibited almost all the radioactiv- 
ity in the T; area, with no T,. Of the remaining radioactivity, 15 per cent 
was present as iodotyrosines (MIT and DIT) and 6 per cent as iodide (I-). 
This is a reversal from normal of the thyronine:tyrosine ratio, which is 
approximately 1:8 in the euthyroid gland (7). 

The distribution of the stable iodine in the venous and arterial sera 
showed virtually the same relative percentages of iodothyronines as in the 
radioactive distribution. About 80 per cent of the iodine was found in the 
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iodothyronine fractions. Roughly 20 per cent of the iodine was in the 
iodotyrosine fractions, however, and little iodide was present. A larger 
proportion of stable T; was determined than of T,, but the latter accounted 
for 30-40 per cent of the total, in correspondence with the radioactive 
distributions. 

The I'*’ pattern of the nodular thyroid tissue similarly showed that T; 
was the major constituent; 76 per cent of the total was in the T; area and 


7 0.1 


SSG 


OPTICAL DENSITY 


COUNTS/MINUTE 


49.0 


22.4 280 33.6 
CENTIMETERS 


Fig. 1. Histogram showing relative distributions of I'?’ and I'™ after chromatographic 
separation in one dimension of the digest of the nodular tissue from the left lobe of the 
thyroid of Patient S.A. The solvent was 2-butanol-3.3% NH,OH. The same strips 
were used for both radioactive and chemical determinations. I'* distribution =solid 
black areas. distribution =shaded areas. 


only 5 per cent in the T, area; 10 per cent was present in the iodotyrosine 
fraction, and 8 per cent in the iodide fraction (Fig. 1). Again the thyronine: 
tyrosine ratio was the reverse of normal. Fluid from the cyst in the gland 
contained virtually no radioactivity; the distribution of stable iodine was 
practically the same as that in the serum. 

In the chromatograms of the digest of nodular tissue, the identity of the 
compound termed T;, with stable [-3-5-3’-T; as a standard, was revealed 
with the 2 separate two-dimensional systems described under methods. 
The identity with standard stable T; (Figs. 2 and 3) and the lack of identity 
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Fia. 2. Two-dimensional chromatogram 
of digest of nodular tissue of left lobe of 
thyroid of Patient S.A.’Solvents used were 
2-butanol-3.3% NH,OH in the horizontal 
direction and tertiary amyl alcohol-conc. 
NH,OH in the vertical direction. The paper 
was sprayed with ceric sulphate-arsenious 
acid-methylene blue and exposed to am- 
monia vapor to show stable compounds. 
There are no spots suggestive of triac, 
tetrac, T, or conjugates of T,or T;. Stand- 
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2 Bu OH: 3°. NHq OH 


Fig. 3. Two-dimensional chromatogram 
of the digest described in the legend to 
Figure 2. Standard stable /-3-5-3’-T; was 
added to the gland digest before chroma- 
tography. The identity of the major com- 
pound in the digest of the nodular tissue 
of the left lobe of the thyroid of Patient 
S.A. and the added standard is shown. 


ard /-3-5-3’-T; is seen on the left border of 
the chromatogram, having been run in the 
second dimension only, with the amyl al- 
cohol solvent. The square in the lower left 
corner represents the origin. Shown on the right border is the relative position of several 
stable standard compounds similarly run in the second dimension. The identity of the 
position of the compound in the digest with that of standard’ /-T; is shown. (A blue 
filter was used in photographing this and the remaining figures.) 


with stable T, as a standard was also demonstrated (Fig. 4), as was the 
separation from triiodothyroacetic acid (triac) and tetraiodothyroacetic 
acid (tetrac). The spray method with ceric sulfate-arsenious acid-methyl- 
ene blue was not sufficiently sensitive to bring out the iodotyrosines in the 
low concentrations present. In Figure 5 the lack of thyronines in the dis- 
tribution of stable iodine after two-dimensional chromatography is shown 
as a control in the thyroid gland of another patient with nontoxic nodular 
goiter. 

The distribution of stable serum iodine three months after hemithy- 
roidectomy is shown in Table 2. The value (52 per cent) for the relative 
percentage of iodotyrosines is in approximate agreement with preliminary 
values reported from this laboratory for euthyroid subjects (8). More ex- 
tensive experience indicates, however, that the average relative proportion 
of stable iodotyrosines in serum is nearer 30-40 per cent of the total iodine 
in normal subjects. 
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Fig. 4. Same as Figure 3, except stand- 
ard stable T, was added instead of T3. 
The distinct separation between the T;- 
like compound originally found, and the 
T, standard is clearly shown. 


2 BuOH : Conc. NH4OH 


2 BuOH: 3°% NH4OH 


Fig. 5. Two-dimensional chromatogram 
of digest of nodular tissue from the thy- 
i roid of another patient used as a control. 

Pee Chromatogram run as in Figure 2. The 

2 absence of stable thyronines is shown. 
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DISCUSSION 


The effect of the various procedures upon the iodinated compounds in 
serum and the thyroid gland, and the recovery data are recorded in detail 
in previous reports from this laboratory (4, 5). No significant breakdown 
of any iodinated compound has occurred as a consequence of these proce- 
dures. Using thyroglobulin, recoveries exceed 96 per cent of the total iodine 
originally present in the digest. Moreover, there has been regular and ex- 
cellent correlation between radioactive and stable iodine distributions in 
the various gland digests studied. There is a discrepancy between the 


TABLE 2. RELATIVE PERCENTAGE DISTRIBUTIONS OF STABLE IODINATED AMINO ACIDS 
IN VENOUS BLOOD SERUM THREE MONTHS AFTER REMOVAL 
OF ABNORMAL LEFT LOBE OF THYROID 


Relative ercentage 
Compound in serum distribvati 


DIT & MIT 52 
8 
31 
T; 9 
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distributions of I'?? and I'*! in normal sera, however, where stable iodo- 
tyrosines are found, and an absence of labeled iodotyrosines (8). Further 
evidence for the validity of the methodology and a discussion of the sig- 
nificance of these findings is being published elsewhere (9). The presence 
of stable iodotyrosines has been noted recently by others in hyperthyroid 
serum (10) and in normal serum (11); and the presence of stable iodotyro- 
sines in normal human blood plasma has been confirmed by a double iso- 
tope dilution technique (12), and in the same relative percentages ob- 
served by Werner and Block (8). The suggestion that propylthiouracil, 
with preoxidation, may yield a false result in the Kolthoff-Sandell-Chaney 
reaction and account for the presence of stable iodotyrosines (13) is not 
adequate, since in our laboratory numerous experiments with and without 
propylthiouracil added to serum aliquots have yielded identical results 
within the limits of accuracy of the method. Moreover, the spraying pro- 
cedure is not sensitive enough to detect the amounts of iodotyrosines 
normally present in serum. 

It is evident then that the appearance of goiter in our patient was asso- 
ciated with the preferential formation of a compound that was either [- 
triiodothyronine, or moved identically with it on paper chromatograms. 
This was shown by the strikingly high concentration of labeled and stable 
iodine in the T; area on the chromatogram of the nodular tissue of the 
gland; also there was virtually no iodine in the T, area. The distributions 
of labeled and stable iodine in the nodular tissue were so similar as to sug- 
gest that the label had achieved equilibrium with the stable iodine within 
seventy-two hours after administration of I'*'. 

The high relative concentrations found in the T; area are unique in the 
experience of this laboratory with more than 100 sera, numerous animal 
thyroids and at least 5 human glands. Previously there had been excellent 
correspondence in appropriate instances between our results and the results 
in the literature. This peculiar distribution of the iodine in the serum and 
the thyroid has not been described elsewhere, except for the serum of the 
patient of Rupp and Paschkis (1). ; 

The negligible amount of labeled and stable T, in our patient’s abnormal 
gland tissue was in contrast to the 30-40 per cent content of this compound 
in her blood. This suggests that T, was being rapidly secreted into the blood 
stream. Rapid secretion of T, is in line with a possibility suggested (9) to ex- 
plain the discrepancy earlier observed between the distributions of labeled 
and stable iodine in the blood of euthyroid subjects. It was postulated that 
the turnover of T, in the normal thyroid is rapid compared to the turnover 
of iodotyrosines. The work of Triantaphyllidis and Cukier (14) and of 
Querido (15) leads to a similar conclusion. It would thus seem possible that 
in the present patient also, the rate of T, turnover might have been sig- 
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nificantly faster than that of T; turnover. However, it is well known that 
T; is removed from blood more rapidly than T,, and this could account for 
lower circulating values of T; over T,, even if the secretion rates were the 
same. 

If T; were leaving the blood at a more rapid rate and was still maintained 
in the blood at an unusually high level, the question is raised as to why our 
patient and the patient of Rupp and coworkers (1) did not become hyper- 
thyroid, unless advanced bone age could be taken as an indication of hyper- 
thyroidism. With approximately 50 per cent of the blood iodine present as 
T; in our patient, and with a PBI level of 4.7 ug. per 100 ml. when receiving 
ao medication (see case report) it can be calculated that 2.3 wg. per 100 ml. 
is present as T;. Since this hormone has been estimated in man to have 
roughly 4 to 5 times the activity of T,, a thyroxine level equivalent to 9 to 
11 wg. per 100 ml. can be deduced. 

Although the thyroid was not turning over radioiodine unduly rapidly 
(as shown by the thyroidal I'*' uptake value of 22 per cent and the serum 
PBI'*' value of 0.27 per cent per liter during the period of no medication), a 
serum level equivalent to about 10 wg. per 100 ml. of T, nonetheless prob- 
abiy would have rendered the patient hyperthyroid, and would have sup- 
pressed the patient’s pituitary and the normal thyroid tissue. In fact, the 
ingestion of T; did suppress the I'*' uptake by the patient’s thyroid. How- 
ever, such calculations may be incorrect by a sufficiently wide margin to 
account for the patient’s euthyroid rather than hyperthyroid state. 

The probable explanation for these discrepancies is found in the dis- 
tribution of the serum iodine postoperatively. The distribution was nor- 
mal, suggesting that the nodular left lobe of the thyroid produced the ma- 
terial with the mobility of T;, and released it into the serum. The normal 
right lobe apparently secreted the T, found in the serum. If the compound 
in the left lobe were /-T;, the questions again arise as to why the function 
of the opposite normal right lobe was not suppressed, why the patient was 
not hyperthyroid, and why exogenous I-T; suppressed the gland. 

It thus seems reasonable to suspect that the compound in the T; area 
might not have been the naturally occurring form of T; (I-3-5-3’) but an 
analogue such as the d-form, the reverse form (3-3’-5’), diiodothyronine 
(T:), or a conjugate. These would not be distinguished from I-T; by the 
usual chromatographic procedures. 

The observations made with two-dimensional chromatography, however, 
tend to confirm the identity of the compound in the thyroid and in the 
serum with T;. The chromatograms sprayed with ceric sulfate-arsenious 
acid-methylene blue reagent showed but a single spot at the position of 
3-5-3’-T;; when standard I-T; was added to the gland digest, in contrast to 
the different localization of added /-T,. The compound 3-5-T; is separated 
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from T; by the second solvent in the 2-butanol:3.3 per cent NH,OH and 
2-butanol:cone. NH,OH systems, as are the sulfate and glucuronide conju- 
gates of T; and T,. The possibility of compound in question being 3-3’-5’-T ;, 
the reverse form, which appears slightly before thyroxine on the chromato- 
grams in the first series of solvents used, was eliminated by the use of water, 
tertiary amy] alcohol and conc. NH,OH (5 tert. amyl:1 NH,OH:4 H,0) 
as the solvent in the second two-dimensional system. This solvent separates 
these two analogues, as well as 3-3’-T, and the conjugates of T; and Ty. 

The d-form of T; then is left as a reasonable possibility to explain the 
findings, although this phenomenon has not been described hitherto. Un- 
fortunately, the available thyroid tissue was completely used in the fore- 
going studies, so that direct experiments with /-amino-oxidase to obtain 
evidence for this hypothesis could not be performed. 

The alternative possibility remains that the thyroid digest contained 
some compound other than T;, as yet unrecognized but with the same mo- 
bility in the several solvent systems. The suggestion that the compound in 
question might have been a short-chain peptide of the same mobility as T; 
is rendered unlikely because of the presence of the same compound in the 
serum. No suggestion hitherto has been made that such compounds circu- 
late or that any particular one of them has the mobility of T;. 

A compound with the chromatographic mobility of T; instead of T, is 
secreted by the thyroid of the mud minnow (16), but has not been identi- 
fied as necessarily being /-T;. 

If the compound present in the nodular thyroid tissue were d-T;, an 
explanation for its formation could lie in a derangement of amino-acid 
synthesis, although this is unlikely in terms of the present concept that 
aromatic amino acids are not synthesized in mammals; thus inversion 
would have had to take place, presumably in the patient’s thyroid. The 
claim, not generally accepted, has been made that d-amino acids are nor- 
mally present, and increasingly so with aging (17). A localized defect with 
exaggerated d-amino acid production could account for d-T; production in 
our patient; this might be a better explanation than a derangement in the 
usual enzymatic sequence which leads to thyroid hormone formation, with 
release of some hitherto unidentified analogue. The possibility of a localized 
derangement in thyroid function would have obvious implications in rela- 
tion to the etiology of nodularity in goiter. 

An unusual extent of T; binding by the plasma could possibly explain 
the findings. However, this explanation is excluded by the high concentra- 
tion of T; in the thyroid as well as in the serum. Furthermore, when the 
patient was first seen she was taking triiodothyronine in a dosage of 0.1 
mg. daily by mouth, and the serum levels of PBI and BEI were lower than 
normal. These levels returned to normal when the medication was stopped. 
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It is of interest that the distribution of the stable iodocompounds in the 
fluid from a follicular cyst in the left lobe of the gland resembled that in 
serum, although practically no radioactivity was present. This is consistent 
with lack of thyroidal cellular activity in the cyst, and with an extremely 
slow rate of interchange between the cyst fluid and the blood plasma or 
interstitial fluid. 
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THE EARLY METABOLIC EFFECTS OF DESIC- 
CATED THYROID, THYROXINE AND TRIIO- 
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ABSTRACT 


In order to determine whether the early metabolic effect of thyrotropic 
hormone (as demonstrated previously in this laboratory) could be reproduced 
by certain known thyroid hormone preparations, triiodothyronine (Ts), 
thyroxine (T,4) and desiccated thyroid were administered orally on four occa- 
sions in single doses to 5 normal males, and the metabolic effects observed. 
The dose of T; was 0.5 mg.; of T, 2.5-3.0 mg.; and of thyroid, 1.3-2.0 Gm. 
Observations were made over an eight-hour period after an overnight fast. 
It was confirmed that T; produces a rise in metabolic rate and an increase in the 
levels of plasma and urinary phosphate within eight hours without significantly 
raising the level of plasma protein-bound iodine (PBI). There was a less marked 
rise in metabolic rate following administration of desiccated thyroid, with a 
significant rise in urinary phosphate within eight hours and a rise in the plasma 
PBI level to 10.2 ug. per 100 ml. within two hours. T, produced no elevation 
in metabolic rate, pulse rate or phosphate excretion, although elevation of the 
plasma PBI level to 9.0 ug. per 100 ml. occurred within two hours. There were 
no consistent effects on urine flow and sodium, potassium or creatinine excre- 
tion, and no subjective symptoms during treatment with any of the prepara- 
tions. The results indicate the similarity between the early metabolic effects of 
triiodothyronine and desiccated thyroid. Thyroxine had no effect over the 
eight-hour period of observation. None of the preparations reproduced the 
early metabolic effects of thyrotropic hormone. . 


N PREVIOUS studies from this laboratory (1, 2) evidence of a differ- 
ence between the early metabolic effects of triiodothyronine (T;) and 
thyrotropic hormone (TSH) has been presented. This early effect of TSH 
consisted essentially of a rapid increase in metabolic rate which was not 
accompanied by an increase in the levels of plasma and urinary inorganic 
phosphate. However, an increase in metabolic rate accompanied by an 
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increase in plasma and urinary inorganic phosphate levels was repeatedly 
observed following administration of T; during this period (2, 3). The rise 
in metabolic rate produced by TSH was significantly less when the TSH 
was given to a series of hypothyroid subjects maintained with desiccated 
thyroid. This suggests that the change was due to thyroid stimulation and 
was not a nonspecific effect of the thyrotropic hormone preparation (2). 

It was thought of interest to extend the study to a similar examination 
of the early metabolic effects of desiccated thyroid and thyroxine to see 
whether they would reproduce the effect of TSH. A comparison was there- 
fore made between the early metabolic effects of equivalent single doses of 
desiccated thyroid, thyroxine and triiodothyronine administered orally 
and observed over an eight-hour period. 


METHODS 


The experimental conditions were essentially the same as those reported in the 
preceding paper (2). 

Observations were made on 5 healthy male volunteer medical students on each of 
four occasions. The subjects, who had been fasting overnight, reported to the laboratory 
in the morning and lay recumbent during the eight-hour period of observation. Each 
student received orally on each of the four days, either a placebo of 25 mg. of vitamin 
B,, 2.5 to 3.0 mg. (according to body weight) of sodium /-thyroxine (T,), 20 to 30 grains 
(1.3 to 2.0 Gm.) of desiccated thyroid, or 0.5 mg. of sodium /-triiodothyronine (T3). 

The placebo (P) was administered on the first day; thyroid and T, were randomized 
over the next two days of observation; and T; was given on the final day. 

Two-hourly observations were made on the clinical state, pulse rate and blood pres- 
sure. The metabolic rate (M.R.) was determined at two-hourly intervals using an open- 
circuit machine as previously described (2). 

The concentration of plasma protein-bound iodine (PBI) was estimated by the 
method of Acland (4) and plasma inorganic phosphorus by the method of Taussky and 
Shorr (5). Urine was collected on arrival and then at two-hourly intervals. The con- 
stituents were estimated as previously described (2). 


RESULTS 
General clinical effects 
Several of the subjects complained of headache and fatigue but as these 
symptoms also occurred sometimes following the placebo, there were no 
clinical effects which could be ascribed to any of the thyroid preparations 
during the period of observation. 


Effects on pulse rate and blood pressure 


No consistent changes in pulse rate were found during any of the courses 
of treatment (Fig. 1). 

The administration of T, was followed by an increase in both systolic 
and diastolic blood pressures within two hours, reaching a maximum in 
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four hours (P <0.05) (Tables 1 and 2). Increases in systolic and diastolic 
blood pressures followed thyroid therapy also, reaching a maximum in six 
hours and being sustained to the eight-hour observation (P <0.05). No 
changes were observed following administration of T;. Small increases in 
pulse pressure were noted during the period of observation with each of the 
3 preparations used, but these did not reach statistical significance. 


Effects on metabolic rate 

As noted in previous reports (2, 3), the metabolic rate increased during 
the period of observation on the control day (Fig. 1), probably due to the 
increasing restlessness of the subjects. T; produced an increase in metabolic 
rate in all 5 subjects at three, five and seven hours (P <0.01) ; this was con- 
firmed by trend analysis over the whole period (P <0.01). Thyroid pro- 
duced a less marked increase which was most apparent at five hours (P <0.05) 
but was not significant with the trend analysis over the whole period. No 
elevation was observed following administration of T, when compared 
with the control at three, five or seven hours, although the trend analysis 
showed an apparent increase (P <0.05) over the whole period of observa- 
tion. However, this was due to the one-hour value being significantly low 
when compared with the corresponding control value. No explanation is 
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TABLE 1. COMPARATIVE EFFECT OF VARIOUS THYROID PREPARATIONS 
ON SYSTOLIC BLOOD PRESSURE (MM. Hg) 


(mean values for 5 subjects) 


Time in hours 
4 6 


Control 111 117 
Thyroid 126* 128* 
Ts 133* 129* 
Ts; 119 120 


Treatment 


* P <0.05 compared with control for the same period using “‘t’’ test. 


readily apparent for this discrepancy, which was not observed in a series 
of previous similar studies (1-3). 


Effects on plasma PBI level 


The administration of desiccated thyroid produced a rise in plasma PBI 
concentration (Fig. 2) from a mean of 4.9 micrograms (ug.) per 100 ml. to 
10.2 wg. per 100 ml. within two hours. This level was maintained through- 
out the period of observation. Thyroxine produced a similar response, the 
maximum being reached in four hours. 

During treatment with T; (0.5 mg.) no significant changes were found 


in the plasma, including that from blood samples taken half an hour fol- 
lowing administration of T; in 2 subjects. 


Effects on level of plasma inorganic phosphate 


There was an early rise in the level of plasma inorganic phosphate fol- 
lowing administration of T;, as noted in previous reports (2, 3). 

During treatment with thyroid a rise was observed in 3 out of 5 subjects 
at eight hours, but this did not reach statistical significance (Table 3). 
There was no rise following administration of T,. 


TABLE 2. COMPARATIVE EFFECT OF VARIOUS THYROID PREPARATIONS 
ON DIASTOLIC BLOOD PRESSURE (MM. Hg) 


(mean values for 5 subjects) 


Time in hours 


Treatment 


Control 
Thyroid 
Ts 


Ts 


* P <0.05 as in Table 1. 
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TABLE 3. COMPARATIVE EFFECT OF VARIOUS THYROID PREPARATIONS 
ON PLASMA INORGANIC PHOSPHATE (MG./100 ML.) 


Time in hours 


4 


Subject Treatment 


o 


G Control 
Thyroid 


4 


T; 


H Control 
. Thyroid 
T, 


J Control 
Thyroid 


4 


K Control 
Thyroid 
4 


Ts 


L Control 
Thyroid 


4 


Mean Control 
Thyroid 


4 


* 
in Table 1. 


Effects on urinary inorganic phosphorus 

As observed previously (2, 3) there was a marked phosphate diuresis 
(Table 4, Fig. 1) following administration of T; (P <0.01) in all of the 4 
subjects whose urine collections were found to be complete on the basis of 
their creatinine content. Thyroid produced a similar, though less marked, 
increase in phosphate excretion (Table 4, Fig. 1) P <0.05). There was no 
effect during treatment with thyroxine. 


Effects on other urinary constituents 
None of the three thyroid preparations produced any consistent change 
in urine flow or in the urinary excretion of sodium, potassium or creatinine. 
DISCUSSION 


This study again confirmed the effects of T;, as observed previously in 
this laboratory (1-3) and by others (6, 7). There was a marked increase in 
plasma and urinary phosphate content with a rise in the metabolic rate, 
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TABLE 4, COMPARATIVE EFFECT OF VARIOUS THYROID PREPARATIONS 
ON URINARY PHOSPHATE EXCRETION (MG./MIN.) 


Time in hours 


2-4 4-6 


Subject _ Treatment 


o 


G Control 
Thyroid 
Ts 


T; 


Control 
Thyroid 
Ts 


Ts 


ooo 


Control 
Thyroid 


coco 


Control 
Thyroid 
T; 


Control 
Thyroid 
Ty 


Ts 


coco 


* 
in Table 1. 


but only minimal changes in the level of plasma PBI. This lack of effect 
on plasma PBI was apparently due partly to the smaller amount of thyro- 
nine iodine administered and partly to the known rapid uptake of T; by 
the peripheral tissues, most recently confirmed by Larson and Albright 
(8). 

In previous studies (1, 2) these early metabolic effects of T; were com- 
pared with those following administration of thyrotropic hormone (TSH). 
TSH produced a marked and rapid rise in the metabolic rate accompanied 
by increases in pulse pressure and pulse rate. The increase in metabolic 
rate was greater than that during treatment with T; and there was no 
phosphate diuresis (Fig. 3). 

In the present study, when desiccated thyroid was administered in doses 
sufficient to elevate the level of plasma PBI to a mean of 10.2 yg. per 100 
ml., there was a rise in metabolic rate and in urinary phosphate similar to, 
but not as marked as that following administration of T;. The effect of 
thyroid, therefore, resembled that of T;, confirming the findings of Kyle 
et al. (9). However, other studies in this laboratory (10) on the effect of 
small daily doses of T; (5-20 ug.) and thyroid (8-16 mg.) ir. myxedema 
show that there is some qualitative difference between the metabolic ef- 


1389 
. 6-8 
— 0.51 0.29 
0.38 48 0.64 78 
0.41 ‘58 0.67 64 
0.40 58 0.96 ‘98 
J 0.32 52 0.65 63 
0.49 50 0.54 "70 
0.16 46 0.52 51 
0.95 12 0.67 ‘60 
K 0.35 60 0.65 63 
0.33 59 0.76 ‘89 
0.43 ‘60 0.64 60. 
0.55 59 0.72 1B 
L 0.37 60 0.68 AT 
0.38 53 0.59 ‘63 
0.58 58 0.54 "48 
0.39 ‘52 0.86 ‘83 
Mean 0.33 -52 0.62 
0.40 53° 0.63 
0.40 56 0.59 56 
| 0.57 "70 


MAURICE L. WELLBY ET AL. Volume 2: 


1390 


Fig. 3. Comparison of the effects o° 
thyrotropic hormone and triiodothyronin: 
on the metabolic rate, pulse rate and ex- 
x cretion of inorganic phosphate (mea: 

values for 5 subjects). (From Hetzel et ai. 
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MINUTE oo PQ, g ma PBI concentration to 9-10 ug. 


per 100 ml., was not associated with 
, significant elevation of the meta- 
Oa * bolic rate at the three-hour, five- 
Control hour and seven-hour points, as ob- 

served with T; and to a lesser extent 
with desiccated thyroid. The difference between the one-hour values for 
thyroxine and for the control is an unexplained but incidental finding. 
Unlike T; and thyroid, T; had no effect on urinary inorganic phosphate 
excretion. 

No explanation can be given for the elevations in systolic and diastolic 
blood pressure following administration of thyroid and T,. The occurrence 
during treatment with T, suggests that they were not related to metabolic 
changes. 

The early metabolic effect of TSH, therefore, was not reproduced by 
either T;, T; or desiccated thyroid in large single doses. It remains possible 
that the effect could be reproduced by a combination of T; and T,. In this 
connection it would be desirable to know the precise proportions of these 
agents actually secreted by the thyroid. However, it would appear un- 
likely that any effect of the combination would be qualitatively different 
from that of either agent administered alone. The effects of triiodothyro- 
acetic acid and tetraiodothyroacetic acid do not differ qualitatively from 
those of T; and T, (11). At present there is no evidence that changes in 
binding to plasma proteins (12) will influence the metabolic effects of these 
hormones, but this is a possibility for future investigation. 
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The present studies, therefore, taken together with those in the litera- 
ure (6, 7, 9, 11) suggest that no known thyroid hormone preparation will 
eproduce the early metabolic effect of TSH; moreover, the absence of this 
ffect in hypothyroid subjects maintained with desiccated thyroid suggests 
hat it is of thyroid origin. It is provisionally concluded that TSH stimu- 
ites the secretion of a rapidly active thyroid hormone distinct from those 
lready known. 
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Unit of Clinical Investigation, Royal North Shore Hospital of Sydney, 
Crows Nest, N.S.W., Australia 


ABSTRACT 


Serial observations of residual radioactivity in the region of the thyroid 
gland and of urinary excretion of radioiodine were made during the early 
period after giving a therapeutic dose of I". Blocking the thyroid with potas- 
sium perchlorate increased the urinary excretion of I'*! and increased the rate 
at which thyroidal radioactivity diminished.. Assuming dynamic equilibrium 
between the several iodide compartments of the body, the thyroidal iodine up- 
take rate may be derived from such observations. 


INTRODUCTION 


ERIAL tracer tests with radioiodine provide a useful, objective aid in 
following the progress of a thyrotoxic patient who has been treated 
with radioiodine (1, 6). Technical difficulties arise, however, when a small 
tracer dose is superimposed on the large residual amount of radioactivity 
in a thyroid gland in the first few weeks after therapy with radioiodine. 
This paper describes an indirect way of measuring the thyroidal clearance 
rate under such circumstances. 


BASIS OF METHOD 


Figure 1 shows, in simplified form, the flow of iodine through the major 
compartments (2-4) of the body. 

If P is the amount of iodide in the iodide compartment at any given 
time, a quantity k,P is removed each minute by renal excretion, and k,P 
by the thyroid gland; k; and k, are thyroidal and renal clearance rates (4). 
The iodine G in the thyroid gland is increased each minute by k,P entering 
from the plasma pool, and decreased by k;G secreted as hormone. The 
latter enters the extrathyroidal pool B of organic iodine, and this in turn 
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loses a small quantity fB by excretion (mainly fecal) and k,B by break- 
down to iodide. Finally the iodide re-enters the plasma pool and is again 
routed to the thyroid gland and the kidneys in the proportions of k,:ke. 

The rates of transfer and the relative amounts of iodine in the several 
compartments are related by mathematical equations; these are developed 
in the Appendix, according to Berson and Yalow’s (3) analysis with some 
minor modifications. These equations describe the fate of a therapeutic 
dose of I'*! initially introduced into the iodide compartment. During the 
first two or three days P will fall rapidly from an initially high level be- 


Thyroid 
gland 
G 


k,P 


Inorganic Extra- thyroidal 
Fig. 1. Schematic flow of iodine between eae orate iodide 
major body compartments. 
Breakdown in 
tissues 

Renal excretion Faecal excretion 

(Total E) (organic ) 


cause the transfer rates k, and kz are much higher than k; and ky. After this 
time, and after the cessation of breakdown of thyroid tissue by the thera- 
peutic action of the dose of I'*', a-state of dynamic equilibrium is reached 
during which nearly all of the radioiodine remaining in the patient is 
organically bound—about 80 per cent in the thyroid gland and 20 per cent 
in the extrathyroidal compartment. Then these fractions decrease expo- 
nentially at'a slow rate represented by \, in the equations. There are many 
possible methods of measuring the thyroidal clearance rate k, at this stage, 
but most methods have practical disadvantages. 


Method A—Large tracer dose 


A direct tracer measurement of thyroidal uptake may be made provided 
a large enough dose is administered; this dose must furnish a statistically 
adequate number of counts in excess of the background counts from the 
remains of the previously-given therapeutic dose. In practice, this requires 
tracer doses of about the following sizes: 
Time in weeks after I'*' therapy 


3 4 5 6 
Tracer dose of I'*! (ue.) 500 400 200 100 10 
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When the tracer dose does not exceed 50 to 100 ue. it is often possible to 
use a scintillation counter at the same distance (say 1 foot) from the thy- 
roid gland as is used for a normal 10-ye. dose, provided allowance can be 
made for coincidence losses in the scaling circuit. For doses over 100 uc., 
however, the counting rate is often too fast, so the detector must be moved 
further away—perhaps 5 or 10 feet from the patient. Under these condi- 
tions the body background forms a large fraction of the total counts and 
great care is needed in positioning the patient; otherwise serious changes 
in the amount of background ‘‘observed”’ by the detector will appear as 
large errors in the calculated thyroidal uptake. Moreover, large tracer 
doses of 200 ue. or more may have some added therapeutic effect on the 


patient. 


Method B—Observation of movements of the therapy dose itself, with temporary 
blocking of thyroidal uptake 


As an alternative to the direct method A, observations are possible with 
the I'*! flow provided by the remains of the therapy dose itself. When the 
therapeutic dose has settled down to a state of dynamic equilibrium in the 
patient, it is possible to make serial measurements of the rate of output of 
I'*! in the urine and the rate of decrease of residual radioactivity in the 
region of the thyroid gland. Both of these rates are increased if the uptake 
rate k, is made zero by temporarily blocking the thyroid gland. This will 
be clear from Figure 1, assuming that k, and k; remain constant while k, 
is blocked. 

The equations in the Appendix show that the ratio ki/k, may be deduced 
from the changes in the rates measured in the patient in both unblocked 
and blocked conditions. 

When the rate of decrease of thyroidal radioactivity is chosen for this 
comparison, technical difficulties are met, because the change represents a 
very small percentage of the large residual activity. 

This problem is not present if changes in the urinary output of I'* are 
used instead. Moreover, the calculated value of the thyroidal rate k, de- 
pends only upon assays of the relative strength of I'* in the collected urine, 
and upon a knowledge of the renal rate k, for the particular patient; it is 
substantially independent of the calibration of the counting equipment 
used for external measurements of the I'* in the thyroid gland. 


Constancy of renal clearance rate kz for individual patients 


For the application of method B it is necessary to assume that the renal 
rate k, for a given patient remains unchanged while the thyroidal status is 
undergoing alterations during treatment. 


. 
| 
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= 
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TABLE 1. RENAL CLEARANCE RATE ke, WITH AND WITHOUT ANTITHYROID MEDICATION 


Number of patients 34 
Mean logarithm of ratio: 


k2 while taking antithyroid drug 
—0.0031 


ky without medication 


Standard error of the mean +0.0276 
Probability (P) that the mean is not 
significantly different from zero 0.9 


Such constancy of k, can be demonstrated while varying doses of anti- 
‘hyroid drugs are given (Table 1); it is also shown over the course of radio- 
‘odine therapy by the average values listed in Table 2. At all times, up to 
aearly a year after I'*! therapy, the mean value of kz is clearly not signifi- 
-antly changed. 


CLINICAL OPERATION OF THE INDIRECT METHOD B 


Figure 2 shows the progress of an early clinical trial of the indirect 
iiethod B. The upper curve represents relative measurements of G, the 
thyroidal content of I'*', using a collimated s¢intillation counter at long- 
distance (10 feet) from the patient. Actually some of the nonthyroidal 
organic I'*! pool B (Fig. 1) may be visible to the counter at this distance, 
but there is apparently a fall in G over the first few days until a closely 
exponential phase is approached, when B and G are in dynamic equilibrium. 
During this early period the urinary rate of excretion of I'*! (lower curve) 
falls rapidly as the original therapeutic dose of iodine is cleared, and then 
the rate settles down to a course theoretically parallel to the slow decline of 
G when all urinary I*! is coming from breakdown from the organic pool B. 

At ten through fifteen days after the therapy dose, this patient was 
given 100 mg. of KCIO, every six hours to block the entry of iodide into 
the thyroid gland, making k,=0 for this period. The G-curve shows the 
resulting small increase in slope, and the urinary output the expected 
sharp rise to a higher level. At the right-hand end of the figure the second 
unblocked and blocked periods exhibit properties similar to the earlier 


TaBLE 2. RATIO OF RENAL CLEARANCE RATE ky AFTER 
[31 THERAPY TO VALUE BEFORE THERAPY 


Pine alter Ratio of k: to value before therapy 


therapy (weeks) 


No. of cases 
Standard deviation 


+0.044 
+0.050 
+0.052 
+0.048 


8 58 1.060 
21 56 1.082 
34 50 1.007 
47 41 0.997 
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Fig. 2. Clinical operation of indirect method B. 


ones. From the mean observations in this patient it was calculated that 
k,/k2=1.49 for the first unblocked period (mid-point eight days after ther- 
apy) and 1.21 for the second period (mid-point eighteen days after ther- 
apy). From previous tracer tests the average k, for this patient was 
2.09 X10-* minute, so the calculated values of k; were 3.1X10-* and 
2.5X10-* minute for the first and second unblocked periods respectively. 
The apparent decrease could arise from experimental errors, from per- 
sistence of partial blocking from the KCIO, given earlier, or from a fur- 
ther decrease of thyroid function following a continuing response to the 
I'*! therapy after the first eight days. Further trials with a series of 30 pa- 
tients produced numerous examples in which the k; apparently decreased 
at the second “unblocked”’ period, particularly when KCI1O, had been the 
blocking agent. 

Accordingly 2 patients were tested before giving I'* in therapeutic 
amounts, to see how long the uptake rate k, might remain depressed by 
the prior use of antithyroid drugs. Table 3 shows the results. The /; rate in 
Patient C. R. rose to the initial level within six days after ceasing carbi- 
mazole therapy, but the effect of KClO, persisted much longer in Patient 
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TABLE 3. PERSISTENCE OF PARTIAL BLOCKING IN 2 PATIENTS 
AFTER USE OF ANTITHYROID DRUGS 


Thyroidal uptake rate, 10%k, 
Method Result 


Patient & Drug Time (days) 


C.R., Direct, 10 ue. 
Carbimazole, 30 mg./day Direct, 135 ue. 
from day 27 to day 29 Indirect, B 
Direct, 30 ue. 
Direct, 100 ue. 
Direct, 50 ue. 


H.H., Direct, 100 ue. 
KCl0O,4, 100 mg. 6-hourly Indirect, B 
from day 6 to day 10 Indirect, B 
Direct, 20 ue. 
Direct, 10 ue. 
Direct, 20 ue. 
Direct, 100 ue. 
Direct, 50 ue. 


* 


| 


* After suppression test with thyroxine, 0.4 mg. per day for three weeks. 


il. H. whose k, did not return to the initial level until sixteen days after 
discontinuing this drug. 

From these tests it appears that the indirect method B yields reliable 
results for k, provided the unblocked period precedes the blocked period 
for urine collections. For example, with Patient H. H. the value 10*k,= 


17.6 at day 5 compares well with results of 12.4 at day 0 and 17.6 at day 
26; but the zero result at day 13, calculated from data of an unblocked 
period immediately following a blocked period, is clearly misleading as an 
indicator of thyroidal status “uninfluenced by medication.” 
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APPENDIX 


Derivation of applicable equations 


Equilibrium conditions are assumed when all the initial I'*! iodide activity has dis- 
appeared from the plasma, either into organic I'*! in the thyroid, or out in the urine. 
Dynamic equilibrium is then approached with about 80 per cent of the remaining dose 
in the thyroid, 20 per cent as organic I'*! in the extrathyroidal tissues, and a small 
amount as inorganic I'*! in the plasma; the latter fraction is being taken up again by 
the thyroid (rate k,) or excreted in the urine (rate kz). 

Figure 1 shows the assumed scheme. 

Let 

P mc.=the I in the iodide compartment at any time ¢ after therapy, 

G me.=the I'* in the thyroid gland at this time, 

B me. =the in the organic iodine compartment outside the thyroid gland, 

E me. =the total I'*' excreted in the urine up to time ¢, 

k, =the fraction of P transferred to G each minute, 

k.=the fraction of P excreted in the urine each minute, 

k;=the fraction of G secreted to B each minute, 

k,=the fraction of B broken down to iodide each minute, 
f=the fraction of B excreted as organic iodine each minute. 


For equilibrium in the iodine compartment (which is small), 


(ki + = (I) 
For convenience, one may write 
kiP = keB (II) 
and 
keP = keB (ITT) 
where 
ke ka 
= I 
ke rage (IV) 
and 
ki ke 


Further, if @ is decreasing only slowly as hormonal iodine is released, 


dG 
dB 
— (ke +ka + f)B. (VII) 


For the initial conditions, G=Go, B=0 at t=0, the solution of these equations is: 


VIII 
B/G) = (ert — (IX) 


— 


: 
= 
am 
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and 


keB (X) 


where 


2a. = (ks the the +f) — the the +f)? — 4ks(ke +f) (XI) 
= (ks the the +f) + [(ks the tke +f)? —4ks(ke + (XID) 


When k; is small compared with k, (as is usual) 


ks(ke +f) 
ke +ke +f 


hketke +f =k +f. 


(XIII) 


1 


(XIV) 
In the unblocked gland 


(XV) 


ks — ks ks 


B ~ = 
ke ketke +f 
1 dE ke(ks — kekska 
(ki + hs) (he +S) 
In the blocked gland, k; =0, so that 
G/Go = e~*st (XVIII) 
—kst — (ket) 
B/Go (e~kat — (hE t) (XIX) 


kz ks 
B/G = XX 
/ ke +f — ks ) 
1 (dE keks ksks 


From equations XVII to XXI: 
= 1 + ki/ke. (XXII) 


Thus if k2 is known for the patient, k; may be calculated from Bg and 6; these two 
quantities depend only on G and dE/dt, which can be measured by radioactive counting 
in terms of a reference source of I, 

G is proportional to the counting rate over the patient’s thyroid gland under some 
fixed geometrical conditions. Furthermore, equations XVI and XX show that B/G is 
an approximately constant ratio because k, is considerably larger (about five times) 
than ks. Therefore it does not matter if some of the nonthyroidal organic I'*' is within 
the field of view of the counter. 

The urinary output dE/dt can also be measured by counting aliquots in a scintillation 
well-counter in terms of another suitable reference source of I. Finally, when 83 is 
divided by 6 (equation XXII), the constant calibrating factors cancel out; that is, it is 
not necessary to know the absolute or relative strength of the two I'*' reference sources 
used for neck counting and urine assay. When all aliquots are counted at the same time, 
the second reference source becomes unnecessary. 
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Typical schedule of measurements 
The following schedule is for an unblocked period centered at twelve days after 
therapy. Each operation should be carried out at a fixed time of day. 


Day Operation 


0 Give therapy dose. Plan urine collections. 
Make a long-distance count over the patient’s neck in terms of an I'*! reference 


source (fixed geometry). Begin urine collection (bottle 1). 


12. Begin new bottle 2. 
13 Count over the neck as before. Finish bottle 2. Commence giving KC1O, (300 mg. 


every six hours). 
14 Count over the neck. Begin bottle 3. 


15 Begin bottle 4. 
16 Count over the neck. Finish bottle 4. Discontinue KC1O,. 


Note that no urine collection for the blocked period is made until KC1O, has been 


given for twenty-four hours. 
The volume (V) of urine in each bottle should be measured, and aliquots of equal 


volume should be taken and kept for counting at the end of the clinical experiment. 
If 


ni=the net counting rate over the patient’s neck on day i, 
Ri=the net counting rate with the I'* reference source on the same day, and 
E;=the net counting rate of a urine aliquot from bottle 7, of total urine volume Vj, 


the ratio Bg/z for substitution in equation XXII is calculated from: 


+ ViEW) + 
11 


(XXITT) 


14 


The mean k» from the previous tracer tests on the patient is used with the foregoing 
calculated ratio to yield the rate k, from equation XXII. 
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ABSTRACT 


The thyroidal uptake and distribution of I"! were studied in 15 patients with 
clinically solitary nodules in the thyroid. In each patient the nodule was hyper- 
functioning and accounted for almost all the activity; 9 of the patients were 
euthyroid, 5 were thyrotoxic, and 1 was in a borderline state between euthy- 
roidism and thyrotoxicosis. In each of the patients studied after administration 
of triiodothyronine or thyroid-stimulating hormone, regardless of whether the 
patient was euthyroid or thyrotoxic, no nodule was suppressed by triiodo- 

* thyronine, but the nonfunctioning thyroid outside the nodule was always re- 
sponsive to thyroid-stimulating hormone. This suggests that such nodules 
elaborate a hormone which indirectly or directly suppresses the remainder of 
the thyroid, and that the nodules are autonomous since they are suppressed 
neither by their own hormone nor by exogenous triiodothyronine. 


N 1947, Cope, Rawson and McArthur (1) demonstrated by means of 

thyroid-stimulating hormone (TSH) deactivation and proportional 
accumulation of I'* that (a) a nonfunctioning thyroid nodule may occur in 
a thyroid of otherwise normal size.and function, and (6) a hyperfunctioning 
adenoma, with or without thyrotoxicity, may be associated with atrophy 
and reduced function in the remainder of the gland. They also described 
gradations between these extremes. Since 1948, several workers have 
studied the functional activity of thyroid nodules and the suppression of 
these nodules by administered thyroid hormone. Dobyns and Lennon (2) 
described adenomas, with or without elevation in the basal metabolic 
rate, which function in excess of the remaining thyroid tissue and, depend- 
ing upon their contribution to the total biologic demand for thyroid hor- 
mone, may lead to suppression of function of this remaining tissue. Five 
years later, Greer and Astwood (3) found that prolonged administration of 
thyroid hormone caused regression in some, but not all, thyroid nodules. 
They suggested that a single nodule may represent “‘a localized area which 
has a lower thyrotropin threshold than the rest of the gland.’ They pre- 
sented no direct evidence, but interpreted as lending support to this hy- 
pothesis the similarity between the response of the nodules and that of 
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other types of goiter. It would have been interesting had the relationship 
been determined between the amount of function and the decrease in 
nodule size caused by exogenous thyroid hormone. Greene (4) ascribed the 
occurrence of ‘“‘hot’’ nodules (defined as those in which the radioactivity of 
the nodule is greater than that of the remainder of the gland) to a low blood 
thyroxine level, with an attempt by the pituitary to correct the deficiency. 
He suggested that if the whole gland is equally sensitive to pituitary stimu- 
lation, diffuse enlargement follows; but if one part is more responsive, the 
result is a “hot’’ nodule. That this explanation is not the entire answer is 
evident, since such nodules occur in the presence of an amount of thyroid 
hormone sufficient not only to correct a low blood level but also to suppress 
the function of normal thyroid tissue and even to produce thyrotoxicosis. 
Furthermore, Gurling et al. (5) have described the appearance of autono- 
mous functioning thyroid nodules in 2 patients after nearly complete 
hypophysectomy ; one of these nodules induced thyrotoxicosis. The various 
observations can be explained by the assumption that there are different 
types of functional nodules, namely, those dependent upon a continued 
supply of TSH and indirectly suppressible by thyroid hormone, and those 
relatively autonomous and less influenced by blood levels of TSH. If this 
explanation be correct, it would be of interest to be able to identify which 
type of nodule is present. Logically, the dependent nodule would be treated 
by thyroid replacement therapy, whereas the autonomous one would be 
extirpated or destroyed. Greer and Astwood (3) did not distinguish be- 
tween functioning and nonfunctioning nodules; perhaps the nodules they 
described as unresponsive to thyroid substance were autonomous. 

Dobyns et al. (6) suggest that hyperfunctioning nodules are sources of 
masked hyperthyroidism and the cause of potential thyrotoxicosis even 
though symptoms of thyrotoxicity are not obvious. Roualle (7) concluded 
that removal of the nodule alone would suffice when dealing with the true 
toxic adenoma when the uninvolved tissue is relatively inactive. On the 
other hand, Werner (8) apparently assumes that a toxic solitary adenoma is 
not a localized disease but the initial manifestation of a general thyroid 
disorder. He stated that removal of such a nodule is usually soon followed 
by recurrence of the disease, despite a period of transient euthyroidism. To 
our knowledge, no adequate series of patients has been treated solely by 
excision of toxic adenomas in order to determine whether recurrence fol-— 
lows. Similarly, information is lacking on whether untreated ‘‘hot’’ non- 
toxic nodules will eventually become toxic. 

Perlmutter and Slater (9) in studying the suppressive action of thyroid 
hormone and triiodothyronine found that toxic “‘hot’’ nodules were not 
suppressible and that “hot’’ nontoxic nodules may or may not be influ- 
enced. They defined a “‘hot”’ nodule as one that accumulates more ['*! than 
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the contralateral normal thyroid tissue. These same authors (10) stated 
that a more or less continuous range extends from the clinically euthyroid 
patient with a normal level of serum protein-bound iodine (PBI) and a 
thyroid nodule sensitive to inhibition, to the clinically toxic patient with an 
elevated PBI level and a functioning thyroid adenoma insensitive to sup- 
pression. In the patients with “‘hot’’ toxic or nontoxic nodules described in 
the present report, suppression uniformly failed to occur. 

In each of the patients comprising this study, the nodule was clinically 
solitary and manifested virtually all the function of the thyroid gland. 
Some patients were nontoxic, whereas others were clinically thyrotoxic. In 
view of the uncertainty as to the cause, course and proper treatment of such 
nodules, these studies regarding their suppressibility by thyroid hormone 
and the stimulation of the nonactive portion of the thyroid by TSH appear 
worth reporting. Triiodothyronine (Cytomel)! and thyrotropin (Armour) 
were employed in dosages similar to those for studies of questionable 
Graves’ disease and of hypothyroidism; the dosage of triiodothyronine used 
ean suppress the normal thyroid but not the thyroid of patients with 
Graves’ disease (11). The effects of larger amounts and more prolonged 
administration of triiodothyronine will be reported later. If the suppressed 
portion of the thyroid has not become irreversibly atrophic, the dosages of 
TSH used should produce a response in the nonadenomatous tissue similar 
to that in a normal thyroid suppressed by exogenous thyroid hormone (12). 


METHODS AND RESULTS 


A scintiscan of the thyroid was obtained on all patients referred for radioiodine 
studies who had a single palpable thyroid nodule. A commercial model automatic re- 
cording scanner with a 2-inch sodium iodide crystal and a 19-hole collimating cone was 
used. If the radioiodine was principally in the nodule, the patient was given triiodo- 
thyronine (25 yg. three times daily for eight days), and the uptake study and the scan 
repeated. Following the second scan, the patient was given 10 units of thyrotropin 
intramuscularly. Twenty-four hours later, the radioiodine studies were again repeated. 
Suitable corrections were made for I'*! contained in the gland at the time of the repetitive 
studies. 

A single hyperfunctioning nodule was located in 15 patients; it was possible to study 
9 of these with triiodothyronine and/or TSH. Of the 15 patients, 9 were euthyroid, 1 
was in a state bordering between euthyroidism and thyrotoxicosis, and the other 5 were 
frankly thyrotoxic. None showed a significant thyroidal uptake of I’ in areas other 
than the nodule. The results obtained in those receiving triiodothyronine or TSH, or 
both, are summarized in Tables 1 and 2. 


CASE REPORTS 


The following 3 case abstracts are presented to illustrate certain observa- 
tions. Case 1 is that of a euthyroid patient treated by lobectomy; hence the 


1 Kindly supplied by Mr. R. J. Cole of Smith, Kline and French Laboratories. 
Philadelphia, Pa. 
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TABLE 1. ErFrecT OF TRIIODOTHYRONINE AND THYROID-STIMULATING HORMONE ON 
THYROIDAL I['*! UPTAKE IN PATIENTS WITH A HYPERFUNCTIONING NODULE 


Initial uptake Uptake after Uptake after 
Case Clinical (%)* ~%)*" SH (%)t 
No. status 
lhr. | 5 hrs. |24 hrs.|| 1 hr. | 5 hrs. /24 hrs.|| 1 hr. | 5 hrs. {24 hrs. 

1 Euthyr. 6 23 — 8 25 — 11 42 62 

2 Euthyr. — 19 17 — 8 15 — 17 29 

3 Euthyr. 4 11 23 5 12 23 11 38 49 

4 Euthyr. 7 20 38 8 18 | 29 ce — a 

5 Euthyr. 6 14 18 6 12 14 14 28 37 

6 Borderline 12 34 a= 12 34 — 22 45 —_ 

thyrotox. 

7 Thyrotox. 9 24 43 10 24 44 19 53 74 

8 Thyrotox. 14 39 57 12 36 56 11 36 55 

9 Thyrotox. , 14 29 23 48 


* In our laboratory the upper limits for thyroidal uptake of radioiodine in a normal pa- 
tient are 10, 30, and 45 per cent at 1, 5, and 24 hours, respectively. 

** Triiodothyronine, 75 ug. per day for 8 days. 
+ Thyrotropin, 10 units i.m. 24 hours before radioiodine study. 


pathologic material was available. Case 2 is that of a euthyroid patient 
currently being followed without definitive therapy for the “hot” nodule. 
Case 7 is that of a thyrotoxic patient treated by I'*! after allowing time for 
the stimulating effect of TSH to subside. 


Case 1 

This patient was a 28-year-old woman with a solitary nodule of the left lobe noted 
incidentally on routine physical examination. No signs or symptoms of abnormal thy- 
roid function were present. Results of a five-hour radioiodine uptake study were in the 
midnormal range (23 per cent). A scan of the neck (Fig. 1A) ‘revealed virtually all the 
I'*! activity localized in the area of the nodule. Studies following the eight-day. course 
of triiodothyronine showed no change in the uptake values or the scan (Tables 1 and 2). 
A dose of 10 units of TSH was given intramuscularly and twenty-four hours later the 
five-hour radioiodine uptake had increased from 23 to 42 per cent and the scan demon- 
strated considerable activity in the thyroid tissue outside the nodule (Fig. 1B). 

A left total lobectomy was performed. Figure 2 shows the margin of the nodule with 
the hyperplastic follicular adenoma on the left and the surrounding somewhat hypo- 


TABLE 2. EFFECT OF TRIIODOTHYRONINE AND THYROID-STIMULATING HORMONE ON 
THE THYROID SCAN IN PATIENTS WITH A HYPERFUNCTIONING NODULE 


J'31 within nodule I'31 in remaining thyroid tissue 
Case Clinical 
No. status Initial Scan after Scan after Initial Scan after Scan after 
scan Ts TSH * sean Ts TSH 
1 Euthyr. Nearly all No change | No change Very little No change Moderate increase 
2 Euthyr. Nearly all No change | No change Very little No change Marked increase 
3 Euthyr. Nearly all No change | No change Very little No change Marked increase 
4 Euthyr. Nearly all No change | Not done Very little No change Not done 
5 Euthyr. Nearly all | Nochange | No change Very little No change Marked increase 
6 — All No change | No change None No change Moderate increase 
thyrotox. 

7 Nearly all | No change | No change Very little No change Moderate. increase 
8 Thyrotox. All No change | No change None No change Slight increase 
9 Thyrotox. All Not done Most None Not done Moderate increase 
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B 
INITIAL SCAN AFTER 10uT7.S.H. 


Fig. 1. Case 1. A euthyroid 28-year-old woman. Scan A shows all the I" localized 
in-the area of the palpable nodule. Scan B (after TSH), shows activity in areas outside 
the nodule. 


Fig. 2. Case 1. Thyroid. The tissue on the left is part of the nodule and shows follicles 
of varying size with papillary infolding and large cuboidal to columnar cells. The tissue 
on the right is that surrounding the nodule; note the thin flat cells. 
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plastic thyroid tissue on the right. Had operation been delayed longer than forty-eight 
hours after the administration of TSH, the non-nodular tissue might have been even 
more hypoplastic. 


Case 2 


This patient was a 32-year-old woman with a solitary nodule of the left lobe of the 
thyroid, found on routine physical examination. There were no symptoms, physical 
signs or laboratory evidence of abnormal thyroid function. The 24-hour thyroidal uptake 
of I'*' was 18 per cent and the scintiscan showed all activity localized in the area of the 
palpable nodule. No therapy was given. 

When next seen, one year later, the thyroidal I'*! uptake was 17 per cent at twenty- 
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INITIAL SCAN AFTER 10 


Fia. 3. Case 2. A euthyroid 32-year-old woman. Scan A shows all the I'* in a nod- 
ule of 3 em. diameter. Scan B shows the response of the non-nodular tissue to TSH. 


four hours (Table 1) and all activity was in the clinically unchanged nodule (Fig. 3A)- 
Following eight days of triiodothyronine therapy, no change was discernible in the 
radioiodine uptake curve or in the scintiscan (Tables 1 and 2). Twenty-four hours after 
an intramuscular injection of 10 units of TSH, the 24-hour thyroidal I'*' uptake had 
risen to 29 per cent and the scan now revealed functioning tissue throughout the thyroid 
gland (Fig. 3B). This patient is currently being followed without therapy. 


Case 7 


This 62-year-old woman was referred with a two-year-history of increasing nervous- 
ness, irritability and fatigability, and a 20-pound weight loss despite an unchanged 
appetite. She appeared anxious and had a definite fine tremor of the hands. The skin 
was hot and of fine texture. The resting pulse rate was regular at 96 beats per minute, and 
the blood pressure was 170/90 mm. Hg. There was a solitary nodule, 2.5 em. in di- 
ameter, in the left lobe of the thyroid; the right lobe was barely palpable. 

The serum PBI level was 8.4 ug. per 100 ml. The initial thyroidal I" uptake values 
were 9, 24 and 43 per cent at one, five and twenty-four hours respectively. The scan 
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Fia. 4. Case 7. A thyrotoxic 62-year-old woman. Scan A shows all the I'*' in a nodule 
of 2.5 em. diameter. Scan B shows the response to TSH. 


showed virtually all of the activity localized at the site of the nodule (Fig. 4A). After ad- 
ministration of triiodothyronine for eight days, the uptake and scan were unchanged. 
Twenty-four hours after a 10-unit injection of TSH, the I'*' uptake was increased to 
74 per cent. The scan showed that the thyroid tissue in the right lobe and in the non- 
nodular portion of the left lobe could account for most, if not all, of the increased uptake 
of (Fig. 4B). 

After three weeks, to allow for subsidence of the stimulatory effect of the TSH, 
therapy was instituted with a dose of 5 millicuries (me.) of radioiodine. Two months 


ethos 


SS 


te 
‘ ‘ 
' ae 
' 


RT. 


INITIAL SCAN AFTER THERAPY 


Fig. 5. Case 7. Scan A is the same as Figure 4-A. Scan B (after treatment with I'*') 
demonstrates disappearance of the nodule and resumption of function in the pre- 
viously dormant non-nodular thyroid tissue, 
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later, an additional 20-me. dose was given. After another five months, when the patient 
was clinically euthyroid, studies showed a fairly uniform activity throughout both lobes 
without evidence of localization in the nodule (Fig. 5B). At this time the nodule was 
barely palpable. The serum PBI level was 6.7 wg. per 100 ml. and the thyroidal I'* 
uptake was in the low-normal range (9 per cent in five hours). 


DISCUSSION 


Seven of the 15 patients were restudied after administration of tri- 
iodothyronine and TSH; 2 others were studied after administration of 
triiodothyronine or of TSH but not after both (Tables 1 and 2). Of the 5 
euthyroid patients given triiodothyronine, none showed a significant 
change in total thyroidal I'* uptake or in the distribution of the radio- 
iodine. Similarly in the patient with borderline thyrotoxicosis and in 2 
of the thyrotoxic patients studied, triiodothyronine failed to influence 
the uptake or distribution of I‘. Administration of TSH to 4 of the 
euthyroid patients led to an increase in the five-hour uptake, amounting 
to 19, 8, 27 and 14 per cent respectively; the 24-hour values were corre- 
spondingly elevated. The administration of TSH resulted in an increase 
of the five-hour uptake—11 per cent in the borderline case and 29 and 19 
per cent in 2 of the thyrotoxic patients; in the third thyrotoxic patient 
studied there was no increase. Scanning showed that in each case the 
non-nodular portion of the thyroid could account for the increase. 

Thus, in a dosage of 25 ug. three times per day for eight days, triiodo- 
thyronine did not appreciably influence the function of the hyperactive 
nodules, regardless of whether they produced excessive amounts of hor- 
mone. In this respect, these nodules behaved as does the thyroid tissue of 
Graves’ disease (10). They may be analogous to adenomas of the adrenals 
which are not suppressed by cortisone (13). In 7 of the 8 patients given 
TSH, the non-nodular portion of the thyroid responded in a manner 
similar to that of a normal thyroid suppressed by thyroid hormone (14). 
If it be assumed that lack of function in the non-nodular tissue indicates a 
lowered output of thyrotropic hormone by the pituitary, these nodules 
appear to represent localized abnormalities that are autonomous or are 
responsive to abnormally lew levels of TSH. No information was obtained 
to determine whether the abnormality represents hypersensitivity to 
TSH or autonomy in the sense that TSH is no longer required. 

The 5 patients with thyrotoxicosis were treated with radioiodine, which 
resulted in complete abolition of the function of the hyperactive nodule in 
4 of the 5. In none was hypothyroidism produced. In each of the 3 restudied 
after ablation of the nodule, the nonadenomatous portion had assumed 
the function previously demonstrated possible by exogenous TSH. Three 
of the nontoxic ‘“‘hot”’ nodules were treated by excision of the nodule or by 
lobectomy, with similar resumption of function in the remaining thyroid 
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and freedom from hypothyroidism. This response is consistent with the 
view that these nodules were producing sufficient hormone to suppress 
the release of TSH by the pituitary and, secondarily, the responsive por- 
tion of the gland. The thesis that the hormone from the nodule directly 
suppressed the surrounding thyroid tissue seems less likely, since the latter 
readily responded to TSH. That the nonadenomatous tissues of these 
glands respond to exogenous TSH is evidence that hypothyroidism will 
not be produced by excision of the nodule or by lobectomy. When radio- 
iodine therapy is used, the function of the nodule should be abolished. 
This can be produced without hypothyroidism if, after administration of 
TSH, sufficient time is allowed for the non-nodular portion of the gland 
to return to its dormant state (14). 

One is tempted to reason that the escape from pituitary control is 
similar in both toxic and nontoxic hyperfunctioning nodules and that the 
process may be the same in both, although observed in different phases of 
the disease sequence. Perhaps, in time, nontoxic nodules can give rise to 
thyrotoxicosis. With this possibility in mind, 5 of the patients with 
nontoxic hyperfunctioning nodules are being followed without definitive 


therapy. 
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Letters to the Editor 


CONTAMINATION OF GONADOTROPIN 
STANDARDS* 


To THE EpITor: 


Previous studies from this laboratory have shown that it is possible to 
characterize and hence to identify gonadotropins by their quantitative 
effect on the growth of the uterus and the ovary of the intact rat. A sum- 
mary of these studies (1)—with ovine follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH), serum gonadotropin from pregnant mares, 
pituitary-gland homogenates of various species, and human urinary 
gonadotropins—gives the characteristics which distinguish each gonado- 
tropin from all others thus far studied. These characteristics collectively 
have been referred to as the “fingerprint”’ of the gonadotropin in question, 
a borrowed term widely used in another field for the identification of 
molecules or parts of molecules by certain physical or chemical methods. 

Since identification of gonadotropins is accomplished by biologic methods, 
the term “biologic fingerprint” is employed. This letter describes an ap- 
plication of the biologic-fingerprint method to the practical problem of de- 
tecting contamination of gonadotropin standards. 

Contamination of gonadotropin standards is a serious problem, par- 
ticularly with standards of human pituitary gonadotropin (HPG) derived 
from urine. Such standards are prepared from the urine of postmenopausal 
women. In collecting the large quantities of postmenopausal urine needed 
to prepare standards, contamination with human chorionic gonadotropin 
(HCG) of pregnancy urine may occur by inadvertent and unrecognized 
error. The problem then is how to determine whether or not the HPG 
standard has been contaminated with HCG. 

The fingerprint method has been used as one solution of this problem. 
Figure 1 is a fingerprint of HPG from male urine. It was obtained by sub- 
jecting 40 liters of male urine to extraction by our kaolin-acetone method 
(2). Ten doses (represented in terms of liters of urine per animal) of the 
extract were administered to immature female rats (4 animals per dose) 


* Aided by grant A-1738, National Institutes of Health, United States Public Health 
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according to the technic described (3). The characteristics of HPG consist 
of the shape and nature of the ovarian and uterine response curves and of 
certain constants (parameters) derived from the curves: 1) the ovarian 
and uterine responses are linear functions of the log dose and have high 
slopes; 2) the ratio of the extrapolated threshold doses! (ovary/uterus) is 
approximately 2.0; and 3) doses of 0.3-liter of male urine or less per rat 
are subliminal for the uterine response. 

Figure 2 is a similar plot of the response to low doses’ of HCG (3). The 
key features of the HCG fingerprint are: 1) the ovarian response is a 
linear function of the log dose, but has a very low slope up to 30 1.v. of 
HCG, above which dose a temporary asymptotic level of 42 mg. ovarian 
weight is reached (4); 2) the uterine response (which appears in this semilog 
plot to have two components, with slopes of 69 and 412 respectively) is a 
symmetrical sigmoid curve when plotted on arithmetic coordinates (see 


1 The extrapolated threshold doses are the doses at which the ovarian and uterine 
lines intercept their respective control values. Thus in Figure 1 the extrapolated thresh- 
old dose for the ovarian line is 0.68 liter and that for the uterine curve is 0.34 liter. 
Therefore the ratio of these two extrapolated threshold doses (ovary, uterus) is 0,68 


/0.34=2.0. 
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subsequently) ; 3) the ratio of the extrapolated threshold doses is 10; and 4) 
a maximal response of the uterus occurs at 1 I.v. 

Therefore, if 1 1.u. of HCG is present in 200 ml. of male urine (to choose 
an arbitrary subliminal dose), a fingerprint of such contaminated male 
urine should show: 1) a maximal uterine response at a dose of 200 ml. of 
urine equivalent of the contaminated HPG extract, whereas (as Figure 1 
shows) no uterine response occurs at this dose of uncontaminated male 
urine; 2) a threshold dose ratio of about 10, depending on whether or not 
synergism had occurred; 3) a marked alteration in the nature of the ovarian 
curve because of the augmentation reaction; and 4) a change in the shape 
of the uterine curve. 

All predictions were verified by experiment. Figure 3 is a fingerprint of 
an extract of 40 liters of male urine to which commercial HCG (A:P.L., 
Ayerst Laboratories, Inc., New York, N. Y.) was added in a proportion 
of 1 1.u. of HCG to 200 ml. of urine equivalent of male HPG. The finger- 
print of the artificially contaminated male urine extract consists of: 1) a 
maximal uterine response at a dose of 200 ml. of contaminated urine, 2) 
a threshold dose ratio of 10, 3) an ovarian response which is a linear func- 
tion of the dose, and 4) a sigmoidal uterine response. 

The first two of these four points are sufficiently clear in comparisons 
of Figures 1, 2 and 3 and need no further comment. The last two points, 
however, require clarification. 

The third point concerns the HCG-induced transformation of the 
ovarian response to HPG from a linear function of the log dose to a linear 
function of the dose. This effect is illustrated best by plotting the data of 
Figures 1 and 3 on arithmetic coordinates. Figure 4, which is such a plot, 
shows clearly that the typical hyperbolic curve of ovarian growth result- 
ing from HPG is converted by HCG into a straight line. In studies of the 
augmentation reaction, which will be published separately, this trans- 
formation occurs only when the ratio HCG/HPG is constant. In addition 
to the change in the shape of the ovarian growth curve, HCG also doubles 
the slope and the magnitude of the ovarian response. We assume that the 
HPG response between doses of 1 and 2 liters of urine is approximately 
linear (Fig. 4). The slope then between these doses is 60 minus 25, or 35. 
At the same doses, the slope for the mixture of HPG and HCG is 132 
minus 68, or 64. The slope ratio (b2/b;=65/35) is about 2. The ovarian 
weight for HPG at doses of between 3 and 4 liters of urine is about 75 
mg. For the mixture of HPG and HCG, the ovarian weight is 140 mg. at 
the same doses. The increase in magnitude of the response produced by the 
addition of HCG to HPG is thus twofold (140/75). 

Figure 5, an arithmetic graph of the uterine weight data of Figures 1, 
2 and 3, clarifies the fourth point. To the right in Figure 5 are plotted the 
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data of Albert and Kelly (3) for 6 assays of HCG at the indicated doses. 
Most of the observation fits an S-shaped curve with an inflection point at 
about 0.8 1.u. of HCG. In the center is the uterine response to HPG, 
which in Figure 1 is plotted as a straight line against log dose. At the left 
is the uterine response (compare Figure 3) to mixtures of HPG and 
HCG in a constant ratio, 1.0 1.u.:0.2 liter of urine equivalent of HPG. 
This is an S-shaped curve, like that of HCG alone. Shown also are the 
doses of HCG in the mixture, and on this scale it is seen that the inflection 
point is about 0.2 1.v. of HCG—one fourth that for HCG alone. We have 
not investigated the increase in sensitivity to HCG in the presence of 
subliminal doses of HPG. However, we have verified the known augmenta- 
tion of the ovarian response to HCG by subliminal doses of HPG, so per- 
haps the increase in sensitivity of the uterine response observed in this 
one experiment is due to the same phenomenon. Although the shapes of 
the three uterine curves in Figure 5 are different, the slopes — the 
linear portion of the curves are approximately the same. 

Now it is possible to calculate in practical terms the amount of preg- 
nancy urine needed to contaminate HPG so that the contamination can 
be easily detected. Using maximal values, pregnancy urine at peak excre- 
tion in early pregnancy (fifty to ninety days after the first day of the last 
menstrual period) may contain 450,000 1.u. of HCG per twenty-four hours 
(5). Assuming a volume of 1,500 ml. of urine to represent the 24-hour 
excretion, 1 ml. of this urine would contain 300 1.v. If 1 1.u. can be detected 
~ readily in 0.2 liter of male urine, then 40 liters would require 200 1.v., or 
0.66 ml. (200 1.v./300 1.v.) of early pregnancy urine. Hence the presence 
of 1 part of early-pregnancy urine in 60,000 parts of male urine (40 
liters/0.66 ml.) can easily be detected. 

In the last two trimesters of pregnancy, the maximal titer is 45,000 1.v. 
of HCG per twenty-four hours; hence contamination to the same level 
would require 6.6 ml. of late-pregnancy urine for detection, or 1 part in 
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Arithmetic Plots Showing Uterine Response 
to HPG, HCG, and HPG+HCG 
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Fie. 5. Arithmetic plots of uterine response to HPG, 
HCG, and a mixture of HPG and HCG. 


6,000 parts of male urine. Similar calculations can be made for post- 
menopausal urine. This is about five times richer in HPG than is male 
urine; hence the levels of detection would be roughly one fifth those for 
male urine—that is, 1 part of early-pregnancy urine in 12,000 parts of 
postmenopausal urine, and 1 part of late-pregnancy urine in 1,200 parts of 
postmenopausal. All of these calculations are made on the assumption that 
both HCG and HPG are quantitatively recovered by the procedure used 
to concentrate the HPG from the contaminated urine. 

Any standard preparation of HPG can now be tested for HCG contam- 
ination by the fingerprint method. It is necessary to know two facts: 1) 
the source of urine—men, young women, or postmenopausal women—and 
2) the volume of urine which the extract represents. These two pieces of 
information are vital in order to administer appropriate doses, because the 
urine of men contains about 15 HMG-20A units of HPG per liter, whereas 
the urine of postmenopausal women contains about 70 HMG-20A units 
of HPG per liter. The presence of maximal uterine stimulation at dose 
equivalents of the urine that ordinarily do not effect such stimulation, a 
threshold dose ratio of 10, an ovarian curve which has a high slope and 
which plots as a linear function of the dose, and a sigmoidal uterine curve 
constitute decisive evidence of HCG contamination of the standard. 


| 
140 
130 
120 y 
110 : 
100 . 
90 
3 
80 : 
70 ° 
60 
50 
40 
30 
20 
10] 
0 


1416 LETTERS TO THE EDITOR Volume 20 


SUMMARY 


Contamination of the gonadotropin of nonpregnancy urine by the 
gonadotropin of pregnancy urine can be readily determined at a critical 
proportion of HCG to HPG. This critical proportion depends upon the 
potency of the nonpregnancy urine and the potency of the pregnancy 


urine. 
A. ALBERT, M.D. 


IonE DERNER 


Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota, 
April 11, 1960 
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INCREASE OF THYROIDAL I'*! UPTAKE FOLLOW- 
ING ADMINISTRATION OF TRIIODOTHYRONINE 
IN SOME PATIENTS WITH HYPERTHYROIDISM 


To THE Epitror: 


It is well known that administration of thyroid hormone to patients 
with Graves’ disease fails to suppress I'*! uptake by the thyroid gland, in 
contrast to the marked suppression that occurs in normal persons and in 
most patients with nontoxic goiter (1, 2). 

This communication concerns the increase of thyroidal I'*! uptake fol- 
lowing the administration of triiodothyronine (T;) in some patients with 
hyperthyroidism. To our knowledge, no such increase has been reported 
previously. 


METHODS AND MATERIALS 


A preliminary determination of the 24-hour thyroidal I'*! uptake after a 10-micro- 
curie dose of I'*! was performed by conventional methods. T; was then administered 
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by mouth in a dosage of 50 micrograms (ug.) daily for five days. On the fifth day the I 
uptake determination was repeated with appropriate correction for residual radio- 
activity. All patients were strictly instructed not to take iodine-containing foods for two 
weeks prior to the testing and during the test period. 

Ninety patients with hyperthyroidism were tested; 31 of them were untreated and 
59 had been treated by I'* three to thirty-five months before the test. 

In 33 patients with simple goiter and 18 normal subjects, the same test was per- 
formed for comparison. 


RESULTS 
Normal subjects 
In 18 normal persons the mean ratio of the post-T; I'*' uptake to the 


initial uptake was 31.2 per cent (s.d., 6.7 per cent). The upper limit of the 
99 per cent range of the ratio in a normal subject was 52 per cent. 


Simple goiter 


In 30 of 33 patients with simple goiter, the values after administration 
of T; were less than 52 per cent of the initial values. In the remaining 3 
cases they were 67, 77 and 85 per cent of the initial uptakes, respectively. 


Hyperthyroidism 


Untreated. In 29 of 31 patients with untreated hyperthyroidism, the 
mean I['*! uptake after administration of T; was 103 per cent (s.d., 11.4 per 
cent) of the initial value. The 99 per cent range was from 73 to 134 per cent. 
In one of the remaining 2 cases the post-T; uptake was 20.5 per cent of the 
initial uptake, and in the other (Table 1) it was 153 per cent of that value. 

After I! therapy. In 59 patients with hyperthyroidism treated by I'*! 
therapy, 75 tests were performed three to thirty-five months after treat- 
ment. In 11 patients the test was made on more than 2 occasions. Among 


TABLE 1. INCREASE OF THYROIDAL I'*! UPTAKE (RANGE, 144 TO 236 PER CENT) 
FOLLOWING ADMINISTRATION OF T3 IN 9 PATIENTS WITH HYPERTHYROIDISM 


oo Thyroidal 24-hour I'*! uptake | Ratio of post-T; 
Patient Status therapy (% dose) 
(months) initial uptake 

Before T; After Ts (%) 
N.M. hyperthyroid | - untreated 39.4 60.2 153 
Y.S. hyperthyroid 20 32.5 67.9 210 
K.S8. hyperthyroid 6 35.5 73.0 205 
K.S. | euthyroid 10 42.4 62.0 146 
K.S. euthyroid “ 138.5 35.2 67.8 193 
S.K. euthyroid 11 35.5 51.0 147 
8.K. euthyroid ~ 16 41.0 58.8 144 
TS. euthyroid 5 43.2 62.0 144 
Ta. euthyroid ; 6 36.5 56.0 153 
T.N. euthyroid 9 42.8 70.0 160 
8.8. euthyroid 16 16.0 37.7 236 
euthyroid 24.3 49.5 203 
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these 75 tests, 51 were performed when patients were in the euthyroid 
state and 24 when patients were still in the hyperthyroid state. On 12 
occasions—9 in the euthyroid state and on 3 occasions in the hyperthyroid. 
state—the I'*! uptake values after administration of T; ranged from 144 
to 236 per cent of the initial values (Table 1). In the remaining 61 studies 
the uptakes after administration of T; ranged between 15 and 115 per cent 


of the initial values. 


DISCUSSION 


An increase in thyroidal I'*' uptake following the administration of T 
was observed in 1 of 31 patients with untreated hyperthyroidism and in 8 
of 59 patients with ‘I'*'-treated hyperthyroidism. Such an increase was not 
observed in the other groups tested. Although spontaneous daily variation 
of I'*! uptake in treated hyperthyroidism was not studied, it is not likely 
that the increase was due to spontaneous variation. Such a large variation 
has not been reported in any other conditions, including untreated hyper- 
thyroidism. In 2 patients (K.S. and 8.K., Table 1) the increase was ob- 
served on more than 2 occasions. 

The uptakes observed in Patients N.M., KS. and Y.S. were unusually 
low as values in the hyperthyroid state. The uptake value in N.M. was 
the lowest among those for 31 patients with untreated hyperthyroidism. 
The uptakes in K.S. and Y.S. were also the lowest among 24 values for 
treated patients who were still in hyperthyroid state. The low value in 
K.S. might be explained by the fact that the test was performed just before 
the patient became euthyroid. 

In our investigation, the increase in I'*' uptake was observed mainly 
in the treated hyperthyroid patients who became euthyroid within several 
months before the test, or who had not experienced a remission. Although 
three studies have been reported on the effect of thyroid hormone in cases 
of hyperthyroidism in a state of remission (3-5), an increase in I'*! uptake 
has not been reported previously. This discrepancy might be due to the 
fact that in such reports patients were tested a relatively long time after 
they became euthyroid. 

Some of the increase in the 24-hour thyroidal I'*! uptake after adminis- 
tration of T; might possibly be explained by a change in the shape of the 
- curve of uptake plotted against time. A shift from a 3-hour or 12-hour 
peak to a 24-hour peak could produce an increase in the 24-hour uptake, 
which was the only uptake value measured in this study. Although such a 
possibility will have to be investigated, the increases in the 24-hour value 
(more than 30 per cent in some patients presented here—K.S. and Y.S., 
Table 1) are not likely to be explained solely by a shift in the time of the 


peak uptake. 
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The data might indicate that, at least in some patients with hyper- 
thyroidism, there is a stage when the activity of the thyroid gland is pro- 
moted by an increase in the blood level of thyroid hormone. The mech- 
anism for such an effect might be related to the finding of Sellers et al. (6) 
that thyroid hormone may stimulate the release of thyrotropin. 
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The Endocrine Society 


The 1961 Annual Meeting 


The Forty-Third Annual Meeting of the Endocrine Society will be held 
in the Hotel Biltmore, New York, N. Y., Thursday, Friday and Saturday, 
June 22, 23 and 24, 1961. 

The Scientific Sessions will be held from 9:00 a.m. to 5:00 p.m. daily 
and in addition there will be simultaneous afternoon sessions. The an- 
nual dinner is scheduled for Friday, June 23, at 7:30 p.m., preceded by 
cocktails at 6:30 p.m. 

All members are urged to make their hotel reservations immediately. 
The Biltmore will hold 300 bedrooms for members until May 1, 1961, after 
which time the hotel will not guarantee further reservations. Therefore it 
is imperative that you make your reservations early, directly with the 
hotel, advising them of time and date of arrival and departure. If you plan 
on remaining through June 26 for the American Medical Association and 
other meetings, it is imperative that your reservations be made from 
June 26 on, directly through the A. M. A. Housing Bureau. Make your 
reservations early and avoid disappointment. Hotel reservation card will 
be mailed to members shortly after January 1, 1961. 

Final program, membership card and advance registration forms will 
be sent on May 1, 1961 to members whose current dues have been paid. 

Those wishing to present papers, which will be strictly limited to ten min- 
utes, should send an original and four copies of the title and abstract to 
the Vice-President, Dr. Roy Hertz, National Cancer Institute, Bethesda, 
Maryland, not later than, February 15, 1961. It is imperative that the 
abstracts be informative and complete with results and conclusions—not 
a statement that those will be presented at the meeting—in order that 
_ they may be of reference value and suitable for printing in the program. 
The reading and processing of approximately 200 abstracts submitted 
each year and compiling of the program from these involves a tremendous 
amount of time and effort on the part of the Program Committee. 

THE COUNCIL REQUESTS THAT AUTHORS ADHERE STRICTLY TO THE FOL- 
LOWING RULES WHEN SUBMITTING ABSTRACTS; OTHERWISE THEY CANNOT 
BE CONSIDERED: 


1420 


‘ 
ba 
Jon 
aged 
4 


October, 1960 ENDOCRINE SOCIETY 1421 


2. 


Iv Is ASSUMED THAT ABSTRACTS SUBMITTED FOR THIS PROGRAM HAVE 
NOT AND WILL NOT BE SUBMITTED ELSEWHERE. 

Abstracts may not exceed 200 words, or equivalent space, exclusive 
of title. No footnotes or acknowledgments to sponsors can be pub- 
lished. References, if used, must be placed in the body of the text. 
The abstract should consist of a single paragraph, if possible. Struc- 
tural chemical formulae cannot be used. 


. The title heading must be arranged as follows: 


Line 1. Title, not to exceed 15 words; 

Line 2. Author/s. The name of each nonmember-author collaborat- 
ing with member-authors is to be followed by the phrase 
“(by invitation).”” Names of nonmembers who are intro- 
duced, 7z.e., who are not collaborators with member-authors, 
are to be followed by the phrase “(introduced by... ).” 
The principal degree, e.g., M.D., of each author should be 
written after his name. 

Line 3. Institution of origin and city in which institution is located. 


. Authors who wish receipt of their abstracts acknowledged should 


enclose self-addressed post card with the title of the abstract noted 
thereon. 


. Authors are also to enclose 3 X5 inch filing cards, one for each author, 


giving his name and initials in the upper right-hand corner, and the 
complete title of the abstract with all the authors listed in the center 
of the card. There should be a second card enclosed listing the title 
and all authors, and the mailing address of the senior author. This is 
necessary for indexing. Senior authors will be notified of the accept- 
ance of their papers for the final program. 


. The body of the abstract, typed double space, should follow the head- 


ing. The original copy should be on bond paper. The original and four 
copies should be forwarded to Dr. Hertz. 


. Abstracts should be letter perfect, since there will be no opportunity 


for proof reading by the authors. 


1961 Awards 


The selection of the recipients of the awards of The Endocrine Society 
is made by a Committee appointed by the Council of the Society. These 
awards and fellowships carry no obligation by the recipient to the Society 
or to the donors. Endocrine Society awards are limited to citizens of the 
United States and Canada. — 


FrED ConraD Kocu AWARD 


In 1957 a substantial legacy was bequeathed to the Society by the late 
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Elizabeth Koch for the purpose of establishing the Fred Conrad Koch 
Memorial Fund in memory of her late husband, Distinguished Service 
Professor of Physiological Chemistry at the University of Chicago and 
pioneer in the isolation of the androgens. This is the highest honor of The 
Endocrine Society and is represented by a medal known as the Koch 
Medal of The Endocrine Society. The medal, as well as an honorarium of 
$3,500, is to be given annually to an individual for work of special distinc- 
tion in endocrinology. The recipient shall be chosen from nominations 
presented by members of the Society and is limited to citizens of the 
United States and Canada. 

This Award was first presented in 1959, to Dr. W. W. Swingle and in 
1960 was presented: to Dr. Emil Witschi. The Koch Medal has replaced the 
Medal of The Endocrine Society which was established in 1954. 


THE AWARD 


The Ciba Award is given in recognition of the meritorious accomplish- 
ments of an investigator in the field of basic or clinical endocrinology who 
has not reached his thirty-sixth birthday before June 1 of the year in which 
the Award is presented. This Award was established in 1942 and first pre- 
sented in 1944. The Award is presently in the amount of $2,500. 


THE AYERST AND THE SQUIBB FELLOWSHIPS 


The Ayerst Fellowship was established in 1947 and the Squibb Fellow- 
ship in 1956. They are designed to assist men or women of exceptional 
promise in furthering their advancement towards a career in endocrinology. 
Each Fellowship is awarded on alternate years and the stipend, which will 
not exceed $5,000, may be divided into two Fellowshipsin varying amounts 
in accordance with the qualifications of the appointees. Individuals pos- 
sessing the M.D. or Ph.D. degree, or candidates for either of these degrees, 
are eligible for appointment. 

Applicants must submit the following information: 


1. Evidence of scientific ability as attested by studies completed or in 
progress. 

2. Recommendations from individuals familiar with the candidate and 
his work. 

3. A proposed program of study. 

4. Acceptance of the individual by the ‘ita of the department in which 
the Fellowship will be held. 

5. A statement that he or she will serve full time if awarded a Fellow- 
ship. A small amount of time (10 to 15 per cent) may be spent in 
course work or participation in teaching, the latter purely on a volun- 
tary basis. 
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THE UPJOHN SCHOLAR OF THE ENDOCRINE SOCIETY 


The Council of The Endocrine Society has established a category of 
Scholars. A grant has been made available through the generosity of the 
Upjohn Company, and will be awarded to an established investigator or 
teacher in the field of endocrinology who wishes to extend the opportunities 
for work either in this country or abroad. 

The award will not exceed $2,500 annually and will be granted on the 
basis of proposals submitted by the applicant. Such applications should 
include the estimated financial needs. The funds may be used for travel, 
maintenance and other expenses. 


NOMINATIONS 


Nominations for the Fred Conrad Koch Award, the Ciba Award, and 
the Ayerst and the Squibb Fellowships may be made by any member of 
The Endocrine Society. They should be submitted on forms which may be 
obtained from the Office of the Secretary, 1200 North Walker Street, 
Oklahoma City 3, Oklahoma. Completed nominations should be returned 
to the Secretary not later than October 16 each year. 

Proposals for appointments as a Scholar of The Endocrine Society should 
be made in writing by the individual, and addressed to the Secretary of 
the Society. They should be submitted by October 15 each year. 


Twelfth Postgraduate Assembly in 
Endocrinology and Metabolism 
UNpER THE Co-SponsorsHIP oF THE ENDOCRINE SocIETy AND 


Tue UNIVERSITY OF WISCONSIN MEDICAL ScHOOL 
WISCONSIN 


October 24 through 28, 1960 


The fee is $100.00 for physicians and $30.00 for Residents or Fellows 
taking the course. For further information or for requests to be included 
in the mailing of the brochure, including enrollment and hotel application 
forms, please write to: William D. Stovall, M.D., Coordinator of Post- 
graduate Education, Wisconsin Center Building, 702 Langdon Street, 
Madison 6, Wisconsin. 


(For program, see the August issue of the Journal) 


The American Goiter Association 
The 1961 Annual Meeting 


The next Annual Meeting of the American Goiter Association will be 
held in the Warwick Hotel, Philadelphia, Pennsylvania, May 3-6, 1961. 
Arrangements are being made for a Clinical Day in the Philadelphia Hos- 
pitals on May 3. Scientific papers will be presented in the Warwick Hotel 
on May 4, 5 and 6. For further information address the Secretary, John C. 
McClintock, M.D., 702 Madison Avenue, Albany 8, N.Y. 


The Van Meter Prize Award for 1961 


The American Goiter Association, Inc. again offers the Van Meter Prize 
Award of $300.00 to the essayist submitting the best manuscript of original 
and unpublished work concerning “‘Goiter—especially its basic cause.’’ The 
studies so submitted may relate to any aspect of the thyroid gland in all 
of its functions in health and disease. The Award will be made at the 
Annual Meeting of the Association in the Warwick Hotel, Philadelphia, 
Pennsylvania, May 3-6, 1961. A place on the program will be reserved for 
the winning essayist if he can attend the meeting. When more than one 
author’s name appears on the manuscript the authors will be asked to 
designate a single recipient to receive the award. 

The competing essays may cover either clinical or research investiga- 
tions, should not exceed 3,000 words in length and must be presented in 
English. Duplicate typewritten copies, double spaced, should be sent to 
the Secretary ; John C. McClintock, M.D., 702 Madison Avenue, Albany 8, 
N. Y., not later than January 1, 1961. Manuscripts that do not conform to 
these requirements will not receive consideration. The committee who will 
review the manuscripts is composed of men well qualified to judge the 
merits of the competing essays. 


Recipient of the 1960 Van Meter Prize Award 


Dr. Nicholas M. Alexander has been named the winner of the Van Meter 
Prize Award for 1960. The title of his paper was ‘The Mechanism of 
Iodination Reactions in Thyroid Glands.” 

Dr. Alexander was born in Boise, Idaho, on June 30, 1925. He served as 
technical sergeant with the U. S. Army armored infantry in Europe during 
the second world war (1943-45), was wounded, and was awarded the Silver 
Star. He attended Boise Junior College and the University of California 
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at Berkeley, where he received the A.B. degree in 1950 and the Ph.D. 
degree in biochemistry in 1955. Married in 1953, he has three sons. Since 
1955 he has been principal scientist in the Radioisotope Service of the Vet- 
erans Administration Hospital in West Haven, Connecticut. He also is a 
lecturer (assistant professor) in the Department of Biochemistry, Yale 
University School of Medicine, New Haven. Past research has been on the 
biosynthesis of serine and the mechanism of catalase inhibition by normal 
and neoplastic tissue extracts. More recent investigations have demon- 
strated the goitrogenic action of aminotriazole and the existence of iodide 
peroxidase in thyroid tissue. 


Grant-in-Aid—American Society for the Study of Sterility 


The Carl G. Hartman Grant-in-aid of the American Society for the 
Study of Sterility in the amount of $500.00 is available for 1961. Applica- 
tions for this grant-in-aid should be sent to the Secretary of the Awards 
Committee of the American Society for the Study of Sterility, Dr. Anna 
L. Southam, 620 West 168 Street, New York 32, N. Y., by February 1, 
1961. The application must be accompanied by five copies of a brief outline 
of the research project for which the grant-in-aid of $500.00 is being sought. 


Symposium on Surgery of Endocrine Organs— 
New York University Medical Center 


_ A three-day symposium on “Surgery of Endocrine Organs’’ will be pre- 
sented by the schools of medicine of the New York University Medical 
Center, November 17-19, 1960. Participants will include a guest faculty of 
some of the most distinguished authorities in this field. Surgical diseases in 
which the endocrine system is directly involved or in which endocrine in- 
fluences are important will be discussed. Functioning tumors of endocrine 
structures, derangements of internal secretions that are amenable to surgi- 
cal treatment, and endocrine factors in metastases of cancer are considered 
from physiologic and diagnostic standpoints. A round table discussion by 
all participants on Saturday morning, November 19, will conclude the 
symposium. Further details, including application blanks, may be ob- 
tained from the Office of the Associate Dean, New York University Post- 
Graduate Medical School, 550 First Avenue, New York 16, N. Y. 


The Society of Nuclear Medicine 


The Society of Nuclear Medicine recently concluded its Seventh Annual 
Meeting in Estes Park, Colorado. Approximately 500 physicians and other 
scientists from the United States of America and other countries were in 
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attendance at this meeting, where more than 70 papers were presented, 
including a lecture by Dr. Edward Teller. 

The Eighth Annual Meeting will be held at the Penn Sheraton Hotel, 
Pittsburgh, Pennsylvania, June 14-17, 1961. For further information, ad- 
dress all inquiries to the Administrator, Society of Nuclear Medicine, 
430 North Michigan Avenue, Chicago 11, Illinois. 


Tenth International Congress on Rheumatoid Diseases 


The Tenth International Congress on Rheumatoid Diseases will be held 
in Rome, Italy, September 4-7, 1961. The subjects on the program will be 
confined exclusively to rheumatology from a clinical and biological stand- 
point. Those who’would like to contribute a lecture to the scientific 
section are asked to submit a title and a 200-word summary in triplicate, 
by December 31, 1960 to Prof. Alessandro Tobecchi, Centro di Reuma- 
tologia dell’Ospedale S. Giovanni Battista, Corso Bramante 88, Torino, 
Italy. All correspondence regarding general information should be ad- 
dressed to the General Secretary, Prof. C. B. Ballabio, Clinical Medica 
Generale, Via F. Sforza 35, Milano, Italy. 


Fourth Congress of International Diabetes Federation 


The Fourth Congress of the International Diabetes Federation will be 
held in Geneva, Switzerland, July 10-14, 1961. The printed program and 
all application forms may be obtained from the Office of the General 
Secretary of the Congress, Bernard Rilliet, M.D., 4 Blvd. des Tranchées, 
Geneva, Switzerland. 
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